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Dear readers! 

It is known that a newborn baby immediately feels the effects of a massive barrage of different information based 
on the first experience of sensations of the contact with the outside world. With time the evolved nervous system 
and the initial phase of socialization will satiate the knowledge with the emotional and evaluative background. 
But now, in the first hours of life, a baby’s perception has reflex character. However, this initial learning process 
of the little person provides the emerging consciousness with basic and the most stable knowledge about life. 
And this knowledge is primarily related to the characteristics and nature of the physical and chemical interactions 
of objects of the material world, a baby itself being a part of. 

Knowledge about physical and chemical nature of life and the process of influence of real objects on each other 
continuously saturates people in everyday practice. Such information and the corresponding skills, formed 
through experience are of course not formalized in the minds of individuals using the scientific terms and 
formulas being the heritage of institutional educational processes. But such knowledge is fundamental, reliable 
and focused on practical application. In primary schools, universities and in the self-education process the most 
inquisitive minds realize the essence of many things and processes finding a scientific explanation for them. 
However, by those not focusing on the study of physical and chemical sciences in their education for various 
reasons, a significant number of phenomena of the material world will be understood on that same intuitive and 
reflex level... 

Physics and chemistry are the most important natural sciences, on the fundamental basis of which many other 
branches of scientific epistemology have developed. Immutable value of these spheres of knowledge is based 
not only on their specific role in the evolution of human consciousness and social progress, but also on the 
original real-biological nature of man, as a segment of a complex object and the material world. That is why the 
core knowledge of the ancient thinkers naturally emerged from the study of physical and chemical interactions 
of objects or substances. And that is why the modern educational system is largely based on the specific and 
evolving method of studying the evolutionary natural objects and the dissemination of knowledge about them. 
Moreover, the understanding of social processes and the development of the social sciences was formed through 
the prism of knowledge about natural processes and interactions. Thus, the knowledge of physics and chemistry, 
as well as primary teaching methods, stands at the origin of not only many modern branches of science, but it 
also became a prerequisite for the development of pedagogy. 
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THE RELATIVISTIC PARTICLE WITH 
THE VARIABLE MASS BY 2-FORM IN A 
5-DIMENSIONAL CONTINUUM 

S. Samoilov, Candidate of Mathematics and Physics, Associate 
Professor 

Technological Institute of V. Dal’s East Ukrainian National 
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Within the framework of special relativity theory and Hamiltonian 
formalism for a particle of a variable mass the Hamiltonian function 
in the expanded phase space is introduced. The additional canonic 
variables of this space correspond to the particle’s own time and mass. 
Changing of the state, including own mass, is determined by the field 
of differential 2-form. 
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nPEflCTABJIEHHE 3B0JII0I1HH 
PEJMTHBHCTCXOH HACTHlfBI 
tlEPEMEHHOH MACCBI 2-OOPMOH B 
5-MEPHOM KOHTHHyyME 

CaMoujioB C.H., KaHji,. $H3.-MaT. HayK, ^oifeHT 
TeXHOJIOrHHeCKHH HHCTHTyT, BoCTOHHOyXpaHHCXHH 
HaifHOHaJIBHBIH yHHBepCHTCT HM. B. flaJHI, YKpaHHa 

B paMKax cnennajibHon Teopnn otho chtcjibho cth h raMHJit- 
TOHOBoro (^opMajiH3Ma j\j\n uacTHUbi nepeMeHHOH Maccti bbojihtcji 
raMHjiBTOHOBa (JtyHKitna b pacmnpeHHOM c})a30B0M npocTpaHCTBe, js, o- 
nojiHHTejiBHtie KaHommecKue nepeMemmie KOTOporo eooTBeTCTByiOT 
coOcTBeHHbiM BpeMeHH n Macce uacTHUBi. H3MeHeHne cocToaHna, b 
tom nncjie n coOcTBeHHon Maccbi, onpejtejuieTCfl nojieM 2-(J)opMti. 

RjifoueBbie cjioBa: codcTBeHHoe BpeMa, codcTBeHHaa Macca, pe- 
jiaTHBHCTCKaa nacTnua, KaHOHnnecKne nepeMeHHBie. 

YnacTHHKH KOH(J)epeHUHH, HaunoHanbHoro nepBeHCTBa no HayuHon aHajiHTHKe, 

OTKpbiToro EBponeiicKO-A 3 HaTCKoro nepBeHCTBa no HaynHoii aHannTHKe 
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C pe^H no^xo^OB k onpe#ejieHHio eo- 

CTOUHHH peJMTHBHCTCKHX HaCTHIf 

HMeeTca no^xoA, b kotopom co6ctbch- 
Haa Macca h eodcTBemioe BpeMn nacTH- 
ifBi HcnojiB3yK)Tca Kax ^onojiHHTejiBHBie 
KaHOHHHecKue nepeMeHHBie. 06ocho- 
BaHue nojie3HOCTH Taxoro no^xo^a pae- 
CMaTpHBaJIOCB ^aBHO [1]. OueBHflHO, 
hto 3tot noAxoA M05KeT 6bitb pe3yjn>- 
TaTHBHBIM H B CHTyaifHflX, CB5I3aHHBIX C 
H3MeHeHueM MaecBi pejMTHBHCTCxoH na- 
CTHifBi. B ^aHHoii padoTe pemaeTca Ba- 
nana 06 onncaHHH OBOjnoipiH cocTOimmi 
uacTHifBi nepeMeHHOH MaecBi. Ilpn 3tom 
HcnojiB3yeTC5i ^HHaMHuecxoe raMHjiB- 
tohobo BexTopHoe none Ha 10-MepHOM 
(J)a30B0M npocTpaHCTBe [2]. 

CoCTO^HHe naCTHHBI H306pa)Xai0T 
tohxoh (x, P) xoxaeaTejiBHoro paecjioemui 
T M 4 npocTpaHCTBa Mhhxobcxoeo M 4 . 

A = (v°,x\x 2 ,X 3 ) - XOOpAHHaTBI MHpO- 
BOH TOHXH, P = (P P lf P 2 ,P ) ~ XOMnO- 
HeHTBI HMnyjIBCHOH (J)OpMBI P = P a dx a B 
Tonxe x. fl,ajiee HcnojiB3yeTca reoMeTpmie- 
exan CHCTeMa cahhhu, MeTpmie cxhh tch- 
3op g CHTHaiypBi (-1,1, 1,1). Maeey m na- 
cthhbi onpe^ejiaeT 4-HMnyjiBC (jihhchhbih 
HMnyjiBc) p = g(p,.) , m 2 = -p(p) > 0 . 
rpeneexHe mmexcBi npHHHMaiOT 3HaneHmi 
0,1, 2, 3, jiaTHHCXHe mmexcBi - 1,2,3, rni^ex- 
CBI XHpHJTJIHUeH -0,1 ,2,3,4. 

Ha reoMeTpHueexoM 5i3Bixe [3] eyTB 
MeTO^a onpe^ejiCHHa ^HHaMHueexoro 
BexTOpHoro nojni Ha paemHpeHHOM (j)a- 
30BOM npocTpaHCTBe HaCTHIfBI [2] CO- 
ctoht b eue^yioLaeM. BMecTe e jiopeH- 
IfeBBIMH XOOpAHHaTaMH HCnOJIB3yeTC3I 


^onojiHHTejiBHaa xoopAHHara o^ho- 
MepHoro eBXjiH^OBoro npocTpaHCTBa. 
KoH^nrypaifHOHHoe npocTpaHCTBO 
onpeAejiaeTca xax MHoroo6pa3He 
M 4 xR . Oa30Boe npocTpaHCTBO 
onpeAejiaeTca xax xoxaearejiB- 
Hoe paeejioeHHe T • (m 4 x p) . Tor- 
A a T (x,x a )(m a r) = T x M a ®T a R h bbo- 
Ahtch xoop^HHaTa P 4 xoxaeaTejiB- 
hoto npocTpaHCTBa T 4 R b Tonxe 
x a eR. nepeMeHHBie x\P A He3aBHCHMBi 
OT nepeMeHHBIX X,P H HHBapHaHTHBI 
otho CHT e jibho npeo6pa30BamHi JIopeH- 
ifa. nepeMeHHBie x\P A cwraiOTCfl B3a- 
HMHO COnpiDXeHHBIMH OTHO CHTCJIBHO 
HeXOTOpOH TaMHJIBTOHOBOH ^yHXIfHH 

rae h 

- raMHjiBTOHHaH. 3to 03HanaeT, hto Ha 
paemHpeHHOM (})a30BOM npocTpaHCTBe 
T (M 4 x R) = {(a, x 4 , P, P 4 )} eymecTBy- 
eT raMHjiBTOHOBO BexTOpHoe none 


r = -^j=H, a —+ 
dx° dx a 


+ H? — -H,„ H,, 

dx 4 p dP„ dP. 


(e npOH3BO^HBIMH: H, a - no A 01 , H, 4 

- no A 4 , H,° - no P a , H? - no 
P 4 ), AyajiBHoe nomo l-(j)opMBi 

r = W(r,)=dH(x,X 4 ,P,P i ) OTHOCH- 
TeJIBHO CHMnjieXTHHeCXOH 2-(j)OpMH 
W = dx a a dP a ®dx A A dP 4 . Tax^ce 
CHHTaeTca, hto x 4 napaMeTpH3yeT hh- 
TerpajiBHBie xpHBBie noji^i r . Hop- 
MHpOBaHHe r npHBOAHT X BeXTOpy 
T e = dldx 4 = r/H 4 Tax, HTO 


r e = w(r e ,) = dH e 

- Tj\sH e = P A +h e [x,x 4 ,p), h e -pe- 
meHHe ypaBHeHHa H = 0 otho chtcjibho 
P A (eymecTByeT, ecjrn H 4 * 0 ). nojie 
r e , T e xoHTpa- h xoBapnaHTHO otho- 
CHTejiBHO npeo6pa30BaHM JIopeHija. 
f e = dP A + h e , a dx a + h e , 4 dx 4 + h e / dP p , 



d 

dP p 


d 

dP A • 


B T ( M 4 xR ) l-tjjopMa r onpe- 
^ejiaeT noBepxHO cth H = const . K 
HHM XaeaTeJIBHBI BeXTOpBI T H B hhx 
jie)xaT HHTerpajiBHBie xpHBBie. Ecjih 

HHTerpajiBHaa xpHBaa, to 
(a° , X 1 (a° ), A 4 (x° ) , P Q (a° )+ 

+ const, Pj (a 0 ), P 4 (a 0 )) - Tax^ce HHTerpajiB- 
HBie xpHBBie. H 3 hhx uacTHife OTBenaiOT 
Te, hto jieacaT b raMHjiBTOHOBOH no- 
BepxHOCTH h(x,x 4 ,P,P 4 )= 0, h6o no 
CMBiejiy raMHjiBTOHnaHa h = P° . Ha 
paemHpeHHOM t{)a30BOM MHoroo6pa3HH 
T ( M 4 x R) eocToaHHe nacTHifBi H30- 
6pa)xaeTca tohxoh (x, x 4 , P, P 4 ) raMHjiB- 
TOHOBOH nOBepXHO CTH. 

npHBeAeHHBiM yejiOBH^M OTBenaiOT 
jnodBie nepeMeHHBie x' 4 , P' 4 , nojiyneH- 
HBie xaHOHHueexHM npeo6pa30BaHHeM 

x ,4 = x , 4 (x 4 ,p 4 ), p;=p;(x 4 ,p 4 ). 

KaHOHHHHOCTB 03HauaeT, HTO 

dx 4 A dP 4 = dx' 4 A dP' 4 . YcjiOBHe xa- 
HOHHHHOCTH - CyiljeCTBOBaHHe npOH3- 
BO^nmeii ^yHxifHH 5(x' 4 ,P' 4 ) Taxon, 
HTO P 4 ds 4 = P\dx ' 4 + dS H paBeH- 
ctbo 5ixo6naHa eAHHHife [3]. 
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r aMHJIBTOHHaH JXJ 15 L HaCTH- 
PBI C C06CTBeHH0H MaCCOH m H 
3jieKTpHHecKHM 3apnnoM e paBeH 
h = + JPj - eA, Jp 1 - 1 a' ) - eA 0 , 

rpe A = A a (x)dx a - 4-noTeHpnan 3nex- 
TpOMarHHTHoro nonn Ha M 4 [4]. riepe- 
MeHHyiO P 4 M05XH0 Bbl6paTB TaK, HTO- 
6bl Ha raMHJIBTOHOBOH nOBepXHOCTH 
P 4 = m . Torpa raMHjiBTOHOBa (jjyHxpnn 

H = P 0 - eA 0 + V P 4 + (P, - eA, JP - eA 1 ) 
onpepenneT nonn T = <777, r = d/dx°. 
none r npHBO^HT k H3BecTHOMy ypaB- 
HeHHK) PBH)XeHHn HaCTHpBI. Ha HHTe- 
rpajiBHBix KpHBBix nonn r npHpaipe- 
Hne nepeMeHHOH x 4 , conpnnceHHoii 
P 4 , paBHO dx 4 =dr/ 2 j- p(p) (ecjin 
p(p )* 0), dr = -yj- x a x a - HHTepBan co- 
OTBeTCTByiOHieH MHpOBOH JIHHHH. H3 
ypaBHeHHn raMHJIBTOHOBOH noBepx- 
HOCTH HynCHO BBipa3HTB P 4 h 3anHcaTB 
H e =P 4 +(p-eA\p-eA), f e =dH e 



8 

dx 4 


2 (p“ 



+ 2 e(p a 



VpaBHeHHn pnn 4 -HMnyjiBca cnepytOT 


H 3 BH^a r e \ 


dp 

dx° 


eF(u ) , 



u 


a 


dx a 

dx 4 


2 (P a -eA"), d A = o. 
v ’ dx 4 


IIpeo6pa30BaHne x' 4 = 2x 4 A /7 ^ , 
c npOH3Bopnipen (jjyHxpHeii 
S = -P\ - x 1 2 npHBopHT k nepeMeH- 
hbim P 4 =m , dx ' 4 = dr na raMHPBTO- 
HOBOH nOBepXHOCTH BpOPB MHpOBOH 
jihhhh HacTHpBi. npH napaMeTpH3apHH 
^HHaMHHecKoro nonn nepeMeHHOH x' 4 
raMHjiBTOHO Ba cfryHKpHfl HM eeT bhp 

H eT =P:-A[P-eAp-eA). 

Cjiynan 3apn>xeHHOH nacrapBi b 3nex- 
TpOMarHHTHOM none HaBopnr Ha onpepe- 
neHHe AHHaMHnecKoro nojin pjra HacTHpBi 
nepeMeHHOH MaccBi. nop6op raMHjiBTO- 
hoboh (jjymcpHH b 3 tom cjiynae mo 5 kho 
H anaTB c onpepeneHHn raMHJIBTOHOBOH 
nOBepXHOCTH. Ee ypaBHeHHe pop 5 kho bbi- 
pancaTB 3axoH coxpaHeHira 4-HMnyjiBca 
p + H = P • P - 4-HMnyjiBC nacTHpBi b 
H anajiBHOH Tonxe MHpOBOH TpaeKTOpHH, 
p - b nocnepyioipeH Tonxe. 77 - 4 -hm- 
nyjiBC, H3JiyneHHBiH nacTHpen Ha MHpo- 
BOH TpaeKTOpHH Me)Xpy yKa3aHHBIMH 
MHpOBBIMH TOHKaMH, OTPHHaiOipHHCn 
ot npHpaipeHHn 4-HMnyjiBca p — P 
3HaKOM. Ecjih noMeHATB HanajiBHyio h 
nocnepyioipyio tohkh ponnMH, to 77 - 

4 


4-HMnyjiBC, norjioipeHHBiH HacTHpen. 
Onpepenemie coGctbchhoh MaccBi na- 
CTHPBI B nOCJiepyiOmeH MHpOBOH TOHKe 

m 2 = -p{p) = -(? - n\p -n) bc.hct 

K ypaBHeHHK) raMHJIBTOHOBOH nOBepX- 
HOCTH. 

3aKOH coxpaHeHHn 4-HMnyjiBca 
h onpepejieHHe co 6 ctbchhoh MaccBi 
nacTHpBi npHBopHT k £H(})(|)epeHpH- 
ajiBHOMy ypaBHeHHio MaccBi, KOTOpoe 
HH5Ke HcnojiB3yeTcn pnn npOBepKH 
KOppeKTHOCTH BBepeHHH pHHaMHHe- 
ckoto BeKTOpHoro nonn. nycTB 3 na- 
paMeTp MHpOBOH TpaeKTOpHH naCTH- 
PBI, ^( l 9) - 3TO P , p(s + A s) - 3TO P , 
Ap(3)= p(3)-p(3 + A3) - 3 to 77 - m- 
jiyneHHBiH (norjioipeHHBra) 4-HMnyjiBC, 
{Amf = -{Ap{9)\Ap{&)) . Toraa 

m 1 (.9 + A i9)~ m 2 ( 1 9)= (Am) 2 + 

+ 2 (p( 9 )Up($)); pejieHne Ha 

AS h npepejiBHBin nepexop 

Ap(s)/ A S —> 7r(s) , 

(dm ) 2 1 AS ^ (s) paiOT ypaBHeHHe Mac- 
cbi dm 2 (S)/d = (S)F2p(S)(7r(S )) . 

nycTB P 4 - nepeMeHHan, paB- 
Han m 2 Ha raMHJIBTOHOBOH noBepx- 
HOCTH, P - o6o6ipeHHBIH HMnyjIBC, 

H = P 4 +(? - n[x* ))(p - 77(x 4 )) - ra- 

MHJitTOHOBa (|)yHKmm, nix* ) - aaaaHHaa 

l-(j)opMa, 7?(x 4 )= dn(x 4 )/ dx 4 ■ Toraa 

T =dH =dP 4 +l{p" -n")dP a - H 

- 2 {P-n\n)dx 4 

pHHaMHnecKoe none HMeeT bhp: 


T =^r = A + 

dx 4 dx 4 

2 (p a -n a )— +2 (p - nh)— 
v > dx a v A 


8 P 


Ha raMHnBTOHOBOH nOBepXHOCTH 
77=0, p = P - 77 - 4-HMnynBC, 


If-* .(C), 


%r- (*‘Y^‘W)) 


ypaBHeHHn pnn 4-HMnynBca h MaccBi, 
rpe cp =- 2 n(n). YpaBHeHHe MaccBi 
coBnapaeT c tcm, hto nonyneHO BBirne. 
TaKHM o6pa30M, raMHnBTOHOBa $yHK- 
pnn h s BBi6paHa KOppeKTHO. Ha HHTe- 
rpanBHOH KpHBOH b cnynae MaccHBHOH 
nacTHpBi dx 4 = dS = dr /2m. 

nepexop k napaMeTpy x° npOBO- 
pHTcn no BBirne onncaHHOH npope- 
pype. H = P 0 +h, h = -IJ 0 - 
-a/^+^ -^X^' - 77 ')’ P~dH. JXn- 


HaMHnecKoe BexTopHoe none ecTB 


2 (p J -n J ) 


r = 


dx> dx* 


dx° 8x° IpAFPFjpFF) 


( p j ~ n jP 


p t +(p l -n l p l -n l ) 


d 

dR 


HcnonB30BaHHe nepeMeHHOH P 4 , xoto- 
pan Ha raMHnBTOHOBOH nOBepXHOCTH 
paBHa co6cTBeHHOH Macce m , h conpn- 
5xeHHOH xooppHHaTBi x' 4 , npHpaipeHHe 
KOTOpOH Ha HHTerpanBHBIX KpHBBix 
paBHO HHTepBany, bo 3 mo)xho TonBxo b 
cnynae nacTHp HeHyneBOH MaccBi. 

Ecjih CHHTaTB P 4 o6o6ipeHHOH xoop- 

pHHaTOH, a p 4 = P 4 - n 4 (x 4 ) - 3HaneHHeM 

m 2 Ha raMHnBTOHOBOH nOBepXHOCTH h 
BB i6paTB raMHnBTOHOBy (JjyHxpHio b BHpe 
h = P 4 - n 4 (x * )+ (p - n(x 4 ))( p -n(x*)), 
to, xoTn BBipanceHHn nonen T,r H3Me- 
HnTcn, pH^^epeHpnanBHBie ypaBHeHHn 
pnn p n ocTaHyTcn TaxHMH 5xe, xax h 
6Binn: T s = dH 9 , 


— d 


— = ~A + 2 {p a - 17 ") 

^4 \ ) 'sa 


dx dx 


dx a 


+ (x 4 +2(p-n\n))A F 


rpe n 4 =dll 4 ldx 4 . Ha raMHnBTO- 
HOBOH nOBepXHOCTH 

B HpHBeneHHOM paCCMOTpeHHH H3- 
MeHeHHe 4-HMnyjiBca nacTiipBi onpepejin- 
eTcn npopeccoM, xoiopBiH npOHexopHT Ha 
(b) nacrape. 3 to nponBnneTcn b tom, hto 
77, 77 4 - (jjyHxpHH TonBxo nepeMeHHOH x a , 
KOTOpan napaMeTpH3yeT MHpOByio Tpaex- 
Topmo HacTHpBi h CBKsaHa c ee co 6 ctbch- 
hbim BpeMeHeM. EcTecTBeHHO npepnono- 
5KHTB, HTO 77, 77 4 MOTyT 6BITB (J)yHKpH5IMH 
h npyrnx xooppHHar x a . 3 to 03Hanano 
6 bi, hto npopecc H3MeHeHHn HMnyjiBca 

H MaCCBI HaCTHpBI 3aBHCHT OT MHpOBOH 
tohkh. Bo3HHxaer Bonpoc, xaxoH cmbich b 
3 iom cjiynae cnepyer npHpaiB nojno l-(J)opMBi 
0 = /7 ; (x,x 4 )5x', 3apaHHOH Ha 5-MepHOM 
KOHTHHyyMe M 4 xR. Ohcbhphbi pBa nop- 
xopa x OTBeiy. nepBBiH coctoht b tom, hto 
$ - 3 to (JjopManBHan BenHHHHa, KOTOpan 
H3o6pa5xaeT npopecc H3MeHeHHn HMnynB- 
ca H MaCCBI HacTHpBi B OKpeCTHOCTH MH- 
pOBOH TOHKH. TlpyrOH nopxop COCTOHT B 
tom, hto o (x, x 4 ) npepcTaBjineT peanBHoe 
$H3HHecxoe none, c kotopbim B3aHMopeii- 
CTByeT nacTHpa (HenonHopeHHBiM npHMe- 
pOM 3Toro nBjineTcn 4-noTeHpnan A(x) 
3nexTpOMarHHTHoro nojin). Kax 6 bi to hh 
6 blto, paccMOTpeHne o6ipnx cbohctb Ta- 



khx «Mac-HMnyjiBCHBix» nojien HHTepee- 
ho h MO)KeT 6bitb nOJie3HBIM. 

IlycTB raMHjiBTOHOBa (jiyHKiimi 
H = P d -n A +(p~n\p -n) 3aBHCHT OT 
nona 0 = II n (x, x 4 . 

Tor^a f = dH , 

r = A- = J—+2(p a -n a )—+ 

dx 4 8 x 4 v ’ 8 x a 

+ (77 4 , j ,+2(p“-77“K,JA 


YpaBHeHPM 4-HMnyiBca p 
p 4 =P 4 -n 4 ecn> 


77 H MaCCBI 


%={n d ,,-n„, d y 

dx 


»“ =^ 7 = 2 (p“-ff“)= 2p “, m 4 = 1. JfcMe- 
HeHHe C0CT05IHH5I 3aBHCHT He OT 1 -())OpMBI 
0 , a ot 2-(J)opMBi F = d0 , 

F () = n d , -Yl R , d aHajiorHHHO TOMy, ok 
^BH5KeHHe 3ap5DKeHHOH HacTHi^Bi onpe- 
^enaeTca 2-(J)opMOH 3JieKTp0MarHHT- 
hoto norm. 10 He3aBHCHMBix ee kom- 
noHeHT mo}kho pa36nTB Ha rpynnBi, 
KOTOpBie COCTaBJI^IOT COJHIp A = F 40 h 
npocTpaHCTBeHHBie BeKTOpBi: nojuipHBie 
E = F 0l d/ dx 1 ^ s = F ,4 d/dx l h aKCHajiBHBiii 
B = F^d/dx 1 +F n d/dx 2 +F„d/dx 3 : 


(Fj = 


0 

E l 
E 2 
E 3 
A 


-E 1 


-E 2 
B 3 
0 

-B 1 


- E 3 
-B 2 
B l 
0 

-£ 3 


ECJIH 0603HaHHTB A=II i d/dx i , TO B 

npocTpaHCTBeHHBix onepaiprax grad, rot 

— d~A — — 

M05KH0 3anncaTB: E = + gradIJ 0 , B = rot A , 


cA 

s = + gradll 4 , 2 = 77 0M -77 4 , 0 . YpaBHe- 

dx 

dp a 

HHH £BH)KeHH5I HMeiOT BH^I — ^ = F^U 
dx 

HJIH = F(i/); B 3-MepHOM BH^e 
dx 

dx 4 

= u°E + 5 

dx 

— ^ = 2w° - su 
dx 4 

Tjj,eu=(u‘),p = {p l ) , Pe *= p n dx\ 

IlpH napaMeTpH3au,HH Koop^HHaron 


% = -£v-V 
dx° 

-^ = £ + [v,5]+ev\ 

dx° L J 

dp 4 . __ 

— £- = /l-ew, 
dx° 

-y’-W- 
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Bh^ho, hto H3MeHeHHe co6ctbch- 
HOH MaCCBI HaCTHBBI 3a^aiOT 2,£H cko- 
pOCTB HaCTHBBI. 

IIoCKOJIBKy F = d0 - TOHHaa 
2-(j)opMa, to ypaBHemoi tibh^chhh 

HaCTHBBI HHBapHaHTHBI OTHOCHTCJIB- 
hoto KajiHdpOBOHHoro npeo6pa30Ba- 
hhh «Macc-HMnyjiBCHoro noTeHijHajia» 
0 =0 + df(x,x 4 ), a «Macc-HMnyjiBCHaa» 

2- (j)opMa ya,OBjieTBop^eT ypaBHeHHio 
dF = 0. JleBaa octb stoto ypaBHeHmi 

- 3-4)opMa, HMeion^aa 10 He3aBHCHMBix 
KOMnOHeHT. C TOHHOCTBK) AO 300 (dp) 

— / x V ,ljk 

- 3TO div B , [dF j 0 . - KOMnOHeHTBI BeKTOpa 
rot E +B, 0 , (dP) iJ4 - KOMnOHeHTBI Beicropa 
rot s + B, 4 , (dP\ ¥ - KOMnOHeHTBI Beicropa 
e, 0 +gradX-E, 4 - TaKHM o6pa30M, tch- 
30pHoe ypaBHeHne 3KBHBajieHTHO CHCTe- 
Me ypaBHeHHii: div 5=0, rot E = -B , 0 , 
rot s = -B, 4 ? gradA = E, 4 -£, 0 _ 

HHBapnaHTBI 2-(j)OpMH F - CBepTKH 

F a4 F a4 =e 2 - A 2 , 

F^F^ =2 (e 2 -B 2 ) 

H COOTBeTCTBeHHO 

F, d F * =l(E 2 -B 1 +e 1 -l 1 ). KpOMe 
TOTO, eCTB HHBapHaHTBI, CB«3aHHBie c 

3- BeKTOpOM *F, AyaJIBHBIM K 2-(j)Op- 
Me f otho CHTejiBHO 5-c|)opMBi o6b- 
eMa do = dx° a dx 1 a dx 2 a dx 3 a dx 4 : 
F = s(f). {pf M = E xm> "F xn , rae e 0Knd,m 

- CHMBOJIBI JleBH - HhBHTBI. 


(0 B 1 B 2 B 3 3 



l-B 3 -E 2 E l 0 J 


CBepTKa (f f M ' F dji - 3TO BeKTOp 
PTHRamraH™- m* - /ior h 

= 16(- (Be) 2 + ([£,c]+ Pb) 1 ) . 

^ajiBHenmee pa3BHTHe npe^CTaBjieH- 
hoto b ^aHHoii pa6oTe HanpaBjieHira CB5i3a- 


ho, b nepByio onepe^B, c noncKOM npHMe- 
pOB h npHMeHeHHH «Macc-HMnyjiBCHoro 
nOJI5I». Il0Jie3HBIM M05KeT OKa3aTBCa H H3- 
yneHHe cbohctb TaKoro uoim. 
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U.D.C. 535, 241 

MATHEMATICAL MODELS OF 
DISTRIBUTION OF CARCINOGENIC 
RADIOACTIVE AEROSOL POLLUTANTS 
IN ATMOSPHERE 

R. Musayev, Candidate of Mathematics and Physics 
Baku State University, Azerbaijan 

Modeling of continuous long-term influence of carcinogenic 
radioactive aerosol pollutants in the atmosphere is considered in article. 
Paskvill’s calculation model is used by the International Meteorological 
Society. In order to correlate the Paskvill’s formula, some amendments 
have been made by authors and the new formula has been presented. 
This improved Paskvill’s model allows increasing the precision of 
forecasting of distribution of carcinogenic radioactive aerosol pollution 
in the atmosphere by thirty percent. 

Keywords: carcinogenic aerosols, radiation, atmosphere, 

diffusional equations, Paskvill’s model 

Conference participants, National championship in scientifi c analytics, 
Open European and Asian research analytics championship 


XdK 535,241 

MATEMATHUECKHE MOflEJIH 
PACnPEAEJIEHKa H KAHLJEPOrEHHblX 
PAflHOAKTHBHbIX A3P030JIbHbIX 
nPHMECEH B ATMOCOEPE 

MycaeB P.A., kaha. (J)H3.-MaT. HayK 
EaKHHCKHH rocynapCTBeHHbiH yHHBepCHTeT, A3ep6aii^}KaH 

B CTaTte paccMaTpHBaeTca MOAejinpOBaHne HenpepbiBHoro Rim- 
TeJIBHOrO BJIHflHHfl KOHItepOreHHBIX paaHOaKTHBHBIX a 3 p 030 JIBHBIX 
npHMeceii b aTMOC(j)epe. Me^caynapoaHaa MeTeopojiornnecKaa opra- 
HH 3 auna nojn> 3 yeTca pacneTHon mo^cjibk) IlacKBHjijia. C nejibio icop- 
pejiaunn (ftopiviynbi IlacKBHjiJia aBTOpaMH 6 bijih BBeaeHBi HeKOTOpbie 
nonpaBKH. B pe 3 ym>TaTe npeAJionceHa ycoBcpineHCTBOBaHHaa (jtopMy- 
jia Moaejin nacKBHjijia, nosBOJiaioutaa yBejinuuTb tohhoctb nporao 3 n- 
pOBaHHa pacnpeaejieHHH KaHiteporeHHbix paanoaKTHBHbix a 3 p 030 jn>- 
hbix npHMecen b amoc(j)epe donee neM Ha 30%. 

KjuoneBbie cjiOBa: KOHueporeHHbie a3p030Jit>i, H3JiyneHne, ar- 
Moctjtepa, au(J)^y3HOHHBie ypaBHeHna, Moaejit IlacTBHjia. 

YnacTHHKH KOH(J)epeHUHH, HaunoHajibHoro nepBeHCTBa no HaynHon aHamiTHKe, 
OTKpbiToro EBponeiicKO-A3HaTCKoro nepBeHCTBa no HayuHon aHajiHTHKe 


http://dx.doi.org/l 0. 1 8007/gisap:pmc.v0i6. 1 074 


O AHHM H3 OCHOBHBIX (JiaKTOpOB 
npHHHH 3KOJiorHHecKoro 3arp^3- 
HeHua aTM0C({)epi>i ABjunoTca KaHife- 
poreHHtie a3p030Jii>Hbie coe^jmemuL 
onpeAeneHua ypOBHfl 3arpA3He- 
HM aTMOC({)epbI 3THMH COeAHHCHHA- 
mh HeodxoflHMO onpeAejiHTb hx pac- 
npeAejiemm b Heii. npHMeHemie rjisl 
3TOH 3a^aHH HayHHO TeXHHHeCKHX 
3KcnepHMeHTOB TpedyiOT 6 ojh>hihx 
^HH aHCOBBix 3aTpaT. KpOMe 3Toro ocy- 
nieCTBJieHUe 3THX 3KCnepHMeHTOB H3- 
3a CJI03KH0CTH H TpyAOCMKOCTH HCB03- 
M05KH0 BbinOJIHHTB nO TCXHHHe CKHMH 
CJI03KH0CT.HMH Ha CerO/fHflHIHHH Aem>. 
Ilo3TOMy ^jia pemeHHfl TaKHx npodjieM 
co3AaiOTca pa3JiHHHtie MaTeMaTHue- 
CKHe MOAenH. Ha ochobc 3Toro Heo6- 
XO^HMO C03^aTB paCHCTHbie MeTO^BI. 
HecMOTpa Ha HHTeHCHBHoe pa3BHTHe 
AH(j)(])y3HOHHOH xeopHH TypdyjieHT- 
hbix TeueHHH b aTMOC(|)epe h thapoc- 
(j)epe, B 3TOH TeOpHH eCTB MH05KeCTB0 
He pemeHHBix npodjieM. B pa^y 3 thx 
npodjieM bxoaht onpeAejiemie pacnpe- 
AejieHHfl paAHoaKTHBHBix KaHifeporeH- 
hbix a3p030Jien b aTMoetjiepe. npoifecc 
pacnpe^ejieHH^ b aTMoetjiepe KaHife- 
poreHHtix a3p030Jien MO^ejiHpyeTca 
npH noMoniH ypaBHeHHH nepeHOCHoii 
AH$(j)y3HH, a pemeHM hx BeAyTCii b 
A B yx HanpaBjieHHax. Oahh H3 hhx Ha 
OCHOBe CTaTHCTHHeCKOH TeOpHH Ta- 
yccoBCKoro pacnpeAeneHHa, Apyroii 
HHiyTca b pemeHHH ^H(J)({)epeHifHajib- 
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hbix ypaBHeHHH npH onpeAejieHHbix 
rpaHHHHBIX yCJIOBHflX. npH HaJIHHHH 
MH05KecTB0 pa3pa6oTaHHBix aJirOpHT- 
MOB HCn0JIb30BaHHBIX chctcm MaTe- 
MaTHuecKHx ypaBHeHHH, hx pemeHHH 
AaiOTca jih6o b aHanHTHue ckom bhac, 
jih6o npH6jiH5KeHHi>iM nojiy3MnHpHHe- 
CKHM paeueTHBIM MCTOAOM. HeCMOTpil 
Ha Hcnojib30BaHH« b pa3Hbix MO^ejiax 
napaMeTpoB, HeKOTOpbie 3HaneHH5i ko- 
TOpBIX B3ATBI H3 HaTypHBIX OKCnepH- 
MeHTOB, HMeiOTC^ dojibnme pacxo)K- 
AeHHn npH onpeAejieHHH pacnpe^ejie- 

HHA KOHIfeHTpaifHH Bpe^Htix pa^HO- 
aKTHBHbix a3p030JibHBix npHMecen. 
Hivteiomaa norpemHOCTB b pacueTHtix 
Mo^ejiH ^aiOHiHxca dojitme pacxo^e- 

HM 3aBHCHT OT npO£OJI5KHTeJIBHOCTH 
3arp^3HeHH«, ot MacmTada 3axBaTbi- 
BaiOHIHX TeppHTOpHH OT aTMOC(J)epHbIX 
ycjiOBHH. [1,3,5]. 

HenpepbiBHoe ^jiHTejibHoe 3a- 
rpA3HeHH5i aTMoe^epbi a3p030JibH0H 
paAHoaKTHBHOH npHMecen Mo^ejiH 
nacKBHJuia Ha OCHOBe rayeeoBCKoro 
pacnpe^ejieHHa ^aeTca b HH5KenpH- 
BeAeHHOH nojiy3MnHpHHecKOH cj)0p- 
Myjie. 


Q-Vj Y f j{x) • a)j 
rrV27r • u j ' G j ( z ) 


• exp 


h 2 \ 

2a 2 (z) J’O-') 


T^e A y - KOJiyeHTpaifH^ BbidpomeH- 
hbix b aTMoctjiepy Bpe^Hbix pa^noaKTHB- 
hbix npHMecen; 

Q - HanajibHbiH noTOK BbidpomeH- 


hbix b amoc(j)epy Bpe^Hbix pa^noaKTHB- 
hbix npHMecen; 

V - paCCTOflHHe OT HCTOHHHKa ^0 
BbidpomeHHoii b aTMoe(J)epy 3 paAnoaic- 
thbhbix npHMeceii; 

u.- CpeAHJHI CKOpOCTb BeTpOB; 
h_- 3(J)({)eKTHBHaa BbicoTa Bbidpoca 
paAHoaKTHBHbix npHMecen; 

f). cpeAHee 3HaneHHe 4)a3bi BeTpOB b 

3aAaHHOM HHTepBajie BpeMeHH; 

j - KaTeropna npOAomKHTejibHO cth 
3 aBHC 5 mia 5 i ot HeTeopeTHne ckhx ycjio- 
BHH Jlim MOAeJIH naCKBHJIJHi; 

ca. - cpeAHee 3HaneHHe TypdyjieHT- 
hoto TeneHHH b 3aAaHHOM HHTepBajie 
BpeMeHH; 

F.(x) - (JiyHKUHa ocjiadjieHHii npHMe- 
cen paAHoaKTHBHbix a3p030Jien, 3aBHca- 
n ien ot aTMOC({)epHbix ycjiOBHH; 

a.(z) - AHCKpeifHa npHMeceii Bpe/f- 
hbix paAHoaKTHBHbix a 3 p 030 Jieii no och 
Z. 

PacneT no HenepepbiBHeMy pacnpe- 
AejieHHio npHMecH paAHoaKTHBHbix 3 a- 
rp5i3HeHHH bcagtc^ b dojibmoM HHTep- 
Bajie BpeMeHH no MeTOAy OTBHCaiOmHX 
naCKBHJIJIOBCKOM MOACJIH 


Q-Fj- mj ■ r]j 
n\[2ne ■ xh ■ Uj 


( 2 ) 


n0JI03KHTeJIbH0H HepTOH MOAe- 
JIH naCKBHJIJia CHHTaeTCa TO HTO RJ1K 
onpeAejieHHn pacneTe KOHifeHTpaifHH 
npHMeceii paAHoaKTHBHbix a3p030Jieii 
HCnOJIb3yiOTCa MH05KeCTB0 rpa^HKOB 
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B3HTBIX H3 HaTypHBIX 3KCnepHMeHT0B 
[1,2,4] H3 napaMeTpOB h tohhocth no- 
jiyneHHBix 3HaneHHH napaMeTpOB H3 
HaTypHBIX 3KCnepHMeHTOB BJIHUeT He 
tohhoctb pacneTa KOHijeHTpaijHH £jin 
TOTO HT06BI yBeJIHHHBaTB tohhoctb 
pacneTa KOHijeHTpaipm Bpe^HBix pa- 
jjHoaKTHBHBix npHMeceii Ha^o ycoBep- 
meHCTBOBaTB Mo^ejiB pacneTa. HaMH 
npeAJi05KeHHOH ycoBepmeHCTBOBaH- 
HBIH MO^eJIB, B KOTOpyiO BBe^eHO Be- 
coBan (jiyHKi^na, yHHTBiBaiomaa aTMOc- 
(jiepHBie nBjieHHn h ihhpothbih CHHyc 
yraa no och Z q . 


7,7 -Q- Fj • Tn • 77 . 


A v — " 


xh • Uj 


-• 10 _3 f • 


■ Zo_ 

eio h - 10“ 


1 + 10“ 4 x 


( 3 ) 


T^e Z Q - ycpe^HeHHBiii napaMeTp 
no BepTHKajin, yHHTBraaioman pejiBe(J) 
MeCTHOCTH; 

5 - BecoBaa ^yHKiina; 

Ycpe^HeHHaa KOHijeHTpaijmi Bpe^- 
hbix pa^HoaKTHBHBix a3p030Jieii b onpe- 
^ejieHHOM HHTepBajie BpeMeHH paccHH- 
TBiBaeTca no (j)opMyjie 

Tq+T 

Ay = \ J A v (xj)dt O) 

To 

me T o - HanajiBHaa BpeMn BBi6poca 
Bpe^HBix npHMeceii b amoc(j)epe; 

T - KOHenHoe BpeMn BBi6poca Bpm- 
hbix npHMeceii b aTMOC(j)epe. 

Ha pnc. 1 . npHBe^eHBi pacneTHBie rpa- 
(j)HKH npH HCn0JIB30BaHHH pa3JIHHHBIX MO- 
aejin otho CHTe jibho penepHoii jihhhh F. 

PacneTHBie rpatjjHKH #aHBi no c|)op- 
MyjiaM (1), H (2) H no H3BeCTHBIM MO^e- 
jihm nacKBHJuni (4). no npeAJi05KeHHon 
HaMH (3) MOAenH Ha pnc. 1 othochtcjib- 
ho penepHOH jihhhh F noica3BiBaeT no- 
rpeiHHOCTB ~ 30 %. 

C iiejiBio yjiy hhi e hha nojiyneHHBix 
pe3yjiBTaTOB jxjik KOppejinyMH MOjjejiH 
nacKBHjuia BBe^eHBi ^Be nonpaBOHHBiii 
napaMeTp. B HTore npe£jiO}KeHa yeo- 
BepnieHCTBOBaHHan (jiopMyjia nacKBHji- 
JIH, n03B0JBH0maH yBeJIHHHTB TOHHOCTB 
nporH03HpoBaHHe KaHiieporeHHBix pa- 
flHOaKTHBHBIX a3p030JIBHBIX npHMeCCH B 

aTMoe(]iepe 6ojiee neM Ha 30 %. 
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APPLICATION OF QUANTUM THEORY 
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In this report its authors substantiate the necessity of introduction 
of quantum ideas while studying the electronic phenomena of the 
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B odmeM Kypce $h3hkh 3jieKTpoHHBie 
aBjieHna b ochobhom paccMarpn- 
BaiOTCa C TOHKH 3peHHa KJiaCCHHeCKOH 
3jieKTpoHHoii TeopHH, xapaKTepmyio- 
meuca OTHOCHTeJIBHOH CJI05KH0CTBI0, 
B03M05KH0CTBI0 HCII0JIB30BaTB H3BeCT- 
HBie H3 MOJieKyjiapHOH (j)H3HKH CTaTH- 
CTHHecKue 3aKOHOMepHOCTH h Hanum- 
HBie Mo^ejiBHBie npeACTaBjieHHu. 3Ta 
Teopna aaeT xoponme pe3yjiBTaTBi npu 
paCCMOTpeHHH MHOrHX aBJieHHH, oeo- 
6eHHO, ecjiu KOHiieHTpaifua ynacTByio- 
hjhx 3JieKTpOHOB no3BOJiaeT npeHedpenB 
B3aHMOAeilCTBHeM MQHKJXy 3JieKTpOHaMH. 

B paaaejie «3jieKTpuuecTB0» xypca 
odnteu (])H3hkh hcoOxo^hmo H3yuaTB 
MHorue 3JieKTpOHHBie hbjichhh u cboh- 
CTBa, KOTOpBie He Haxo/jaT odBacHeHua 
b npe^enax KjiaecHHecKOH TeopHH, no- 
3TOMy HeodxO^HMO n0JIB30BaTBCa KBaH- 
TOBBIMH npeACTaBJieHHaMH. K TaKHM 
BonpoeaM OTHOCHTca 3JieKTponpOBO^- 
HOCTB MeTaJIJIOB H nOJiynpOBO£HHKOB, 
CBepXnpOBOAHMOCTB, MarHHTHBie CBOH- 
CTBa aTOMOB h BeuiecTBa, padoTa bbixo- 
^a 3JieKTpOHOB, KOHTaKTHBie HBJieHHH, 
aBT03JieKTp0HHaa 3MHCCHH H T.fl. 

npH H3yueHHH 3JieKTpOnpOBOAHO- 
cth MeTajuiOB HeodxoAHMO xapaKTepu- 
30BaTB CHCTeMy CBOdo/fHBIX OJieKTpO- 
hob, nojiB3yacB nomrraeM KBaHTOBoro 
cocToaHHa, npHHifHnoM Flayjin, KBaH- 
TOBBIMH XapaKTepHCTHKaMH 3JieKTpOHa, 
cooTHomeHHeM HeonpeAejieHHOCTen h 
$yHKifHen pacnpeAejieHHfl OepMH. Ha 
ocHOBe 3thx npe£CTaBjieHHH Heodxo^H- 
MO BBIHHCJIHTB 3HaHeHHe 3HepTHH Oep- 
mh, TeMnepaTypy BBipo^eHHn h xapax- 

8 


TepH30BaTB TpaHHIfBI npHMeHHMOCTH 
KJiaCCHHeCKOH 3JieKTpOHHOH TeopHH. 

npHHifHn nayjiH ^aeT B03M05K- 
HOCTB 060CH0BaTB MO^eJIB CBOdo/fHBIX 
3JieKTpOHOB KBaHTOBOH TCOpHH 30M- 
Mep^ejiB^a. nojiB3yacB 3 toh MO^ejiBio 
HeTpy^HO nojiyuHTB BBipa^ceHHe 3JieK- 
TpOnpOBO^HOCTH MeTaJIJIOB, noKa3aTB 
(J)H3HHeCKHH CMBICJI OJieKTpHHeCKOTO 
COnpOTHBJieHHa H ero 3aBHCHMOCTB OT 
TeMneparypBi 

Ha ocHOBe nomrran 3HepreTHuecKO- 
ro cneKTpa pa3pemeHHBix ^jia sjieicrpo- 
HOB 3HaueHHH 3HepTHH HeodxO^HMO 
xapaKTepH30BaTB 30 hhbih cneKTp 3jieK- 
TpOHOB B KpHCTaJIJiaX, H3 KOTOpOTO CJie- 
ayeT, hto MQyKjxy nojiynpoBO/fHHKaMH h 
AHOJ ieKTpHKaMH HCT npHHIfHnHaJIBHOTO 
pa3JiHHHa, a ecTB tojibko KOJiHuecTBeH- 
Hoe pa3JiHHHe b mupHHe 3anpemeHHoii 
30HBI, H HTO odpaHjeHHe npOBO^HMOCTH 
b HyjiB - ecTB xapaKTepHoe cbohctbo 
B cex KpHCTaJIJIOB 3a HCKJIIOHeHHeM Me- 
TaJIJIOB. 3oHHaa MO^ejiB OHepreTHne- 
ckhx coctouhhh 3JieKTpOHOB ynpomaeT 
KaHecTBeHHyio xapaKTepHCTHKy 3jieK- 
TpHHeCKHX CBOHCTB nOJiynpOBO/JHHKOB, 
nojiyHeHHe kojihhc ctbchhbix napaMe- 
TpOB, 3aBHCHMOCTB 3JieKTpOnpOBO£HO- 
cth ot TeMnepaTypBi, npHMeceii h KOH- 
TaKTHBie CBOHCTBa. 

Ochobhbim HCXO^HBIM n0JI05KeHHeM 
npH paCCMOTpeHHH KOHTaKTHOH pa3HO- 
cth noTeHifHajiOB MQHKjiy MeTajuiaMH aB- 
jiaeTca ycjiOBHe TepMO^HHaMHHecKoro 
paBHOBecua ^Byx chctcm, cnoeodHBix 
odMeHHBaTBCa HaCTHIfaMH. B HaCTHO- 
cth, 3to ycjiOBHe BBipa5KaeTcn b paBeH- 


CTBe 3JieKTpOXHMHHeCKHX noTeHifHa- 
jiob AByx chctcm, KOTOpBie MoryT 6 bitb 
npe^CTaBjieHBi KaK TepMO^HHaMHne- 
CKHH nOTeHIfHaJI, OTHeeeHHBIH K OAHOH 
nacTHife: 



Toraa oneBHflHO, hto rji % 3JieKTpo- 
hob b TBep^Bix Tejiax b cjiynae TepMO- 
^HHaMHHeCKOTO paBHOBeCH^ 3JieKTpO- 
xHMHHecKHH noTeHifHaji 6y^eT paBeH 
3HepTHH OepMH: 

M = E f . 

npH H3yneHHH padoTBi BBixo^a 3JieK- 
TpOHOB H KOHT BKTHBIX ^BJieHHH Heo6xO- 
^HMO HCn0JIB30BaTB nOHUTHe ypOBHa 
OepMH h ero 3aBHCHMOCTB ot TeMnepa- 
TypBi. BBejfeHHe noHaTHa TyHHejiBHoro 
34)$GKTa n03B0JiaeT odB^CHHTB aBTOHO- 
HH3aifHIO, aBTOOJieKTpOHHyiO 3MHCCHK) H 
3(})(]ieKT IlIOTTKH. 

Ocodo cjie^yeT otmcthtb, hto npn 
nocTpoeHHH 3HepreTHHe ckhx ^narpaMM 
AJin 3jieKTp0H0B b TBep^Bix Tejiax, Haxo- 
A^mHXCa B KOHTaKTe, HeodxOJtHMO npH- 
MeHHTB e^HHyio mKajiy 3HeprHH, e^HHoe 
Hanajio OTcneTa. EcTecTBeHHoii mKajioii 
3HeprHH, npHMeHHMoii KaK b cjiynae He- 
B3aHMOAeiiCTByiomHx, TaK h b cjiynae 
KOHTaKTHpyiOHIHX MeTaJIJIOB, HBJIHeTC^ 
3HepreTHHecKaa niKajia c HanajiOM ot- 
cneTa E = 0 Ha decKOHenHOCTH. TaKHM 
odpa30M, ycjiOBHeM paBHOBecmi chctcm 
3JieKTpOHOB JIByX KOHTaKTHpyiOmHX Me- 
TaJIJIOB dy^eT paBeHCTBO hx 3jieKTpoxn- 


MHHeCKHX IIOTeHIJHaJIOB, OTCHHTaHHBIX 

OTHOCHTenBHO o6mero Hanajia. BBipaB- 
HHBaHHe 3Heprnii OepMH Haxo^amnxca 
b KOHTaKTe MeTajiJiOB ocymecTBji^eTca 
3a cneT npeHMymecTBeHHoro nepexo- 
#a 3JieKTp0H0B H3 MeTajuia c MeHBineH 
pa6oTOH BBixo^a b MeTami c 6ojiBineH 
pa6oTOH BBixo^a, BCJie^CTBHe nero ycTa- 
HaBjiHBaeTca koht aKTHaa pa3HOCTB no- 
TeHi^najiOB, onpe^ejiaeMaa pa3HOCTBio 
pa6oT BBixo^a 3JieKTp0H0B H3 Haxo^n- 
uihxch b KOHTaKTe MeTajiJiOB 

e(p k = A-A 2 . 

BBO^HMoe bo mhothx ynedHBix no- 
co6hhx no Kypcy o6mefi $h3hkh h (J)h- 
3hkh TBep^oro Tena nomrrae BHyTpeH- 
Hen KOHTaKTHOH pa3HOCTH nOTeHIJHaJIOB 
ocHOBaHO Ha npHMeHeHHH KjiaecHne- 
ckhx npe^CTaBjieHHH o noTeHijuajiBHOH 
H KHHeTHHeCKOH OHepTHH OJieKTpOHOB 
BHyTpn MeTajuia h He HMeeT (j)H3HHecKO- 
ro CMBiejia, TaK KaK He onpe^ejiaeT pe- 
aJIBHO H3M ep HMBIX Ha OnBITe BeJIHHHH: 
KOHTaKTHOTO nOJIH H KOHTaKTHOH pa3HO- 
CTH nOTeHH,HaJIOB. 

He HMeeT ocHOBamrii TaK>Ke ^ene- 
HHe KOHTaKTHOH pa3HOCTH noTeHijHa- 
JIOB Ha BHeiHHIOK) H BHyTpeHHIOK). 3TH 
bbibo^bi no^TBep5K^aiOTca Teopnen h 

3 KCnepHMeHTaJIBHBIMH AaHHBIMH no HC- 
cjie^OBaHHio nojiynpOBO^HHKOBBix npn- 
6 opOB, OCHOBaHHBIX Ha HCn 0 JIB 30 BaHHH 
p-n- nepexo^OB, reTeponepexo^OB h 
nepexo^OB MeTajui-nojiynpoBO^HHK. 

Ecjih K BBIHieCKa3aHHOMy £ 06 aBHTB, 
hto xapaKTepH3ya MarHHTHBie CBOHCTBa 
aTOMOB h MOJieKyji HcnojiB3yiOTca nomi- 
TH H Op6HTaJIBHBIX H CnHHOBBIX KBaHTO- 
BBIX HHCeJI H COOTBeTCTByiOH^He MarHHT- 
HBie MOMeHTBI 3JieKTpOHOB, TO CTaHO- 
BHTCH HCHBIM, HTO B KypCe 3JieKTpHHe- 
CTBa HeoGxo^HMO HcnojiB30BaTB MHorne 
KBaHTOBBie nomrraH npn paccMOTpeHHH 
3JieKTpOHHBIX HBJieHHH C TOHKH 3peHHH 
COBpeMeHHOH TeOpHH. 

B yne6HOH jiHTepaType no odnjeMy 
Kypcy 3JieKTpOMarHeTH3Ma b 6ojiBineH 
hjih MeHBineH CTeneHH HcnojiB3yiOTCH 
KBaHTOBBie npeACTaBjiemni, oco6eHHO 
npn xapaKTepHCTHKe coctohhhh 3JieK- 
TpOHOB b MeTajuiax h nojiynpOBO^HH- 
Kax. Ho BBe^eHHe 3thx npe^CTaBjieHHH 
h KBaHTOBBix xapaKTepHCTHK b yneGmi- 
Kax no o6men (j)H3HKe nBjiaeTca Heno- 
CJie^OBaTeJIBHBIM H ^eKJiapaTHBHBIM. 

TaKoe HeyaoBjieTBopHTejiBHoe nojio- 
yKQime npo^ojDKaeT cymecTBOBaTB no# 
^eilCTBHeM HCTOpHHeCKH CJI 05 KHBHIHX- 


CH Tpa^HI^HH H HeKOTOpOH HHepTHOCTH 
b o6meM Kypce (J)H3 hkh: nojiB30BaTBCH 
TOJIBKO KJiaCCHHeCKOH 3JieKTpOHHOH Te- 
opHen. H3BecTHO, hto KBaHTOBBie no- 
HHTHH BBO^HTCH y5Ke B 3JieMeHTapHOM 
Kypce $h3hkh He KaK ^onojiHeHne, a 
KaK ocHOBa 6ojiee coBepmeHHoro o6b- 
HCHCHHH HBJieHHH MHKpOMHpa. TeM 
6ojiee b o6meM Kypce $h3hkh MHorne 
3JieKTpOHHBie HBJieHHH H CBOHCTBa Be- 
mecTBa Heo6xo^HMO paccMaTpHBaTB c 
TOHKH 3peHHH COBpeMeHHOH 3JieKTpOH- 
hoh TeopHH. CorjiamaacB c 3 toh He- 
o6xO£HMOCTBK>, B03HHKaeT BOnpOC o 
B03M05KH0CTHX npHMeHeHHH KBaHTOBOH 
TeopHH. B CMBICJie BpeMeHH - AOnOJIHH- 
TeJIBHBie 3aTpaTBI He B03HHKai0T. DiaB- 
Haa Tpy^HOCTB - b He3HaHHH CTy^eH- 

TaMH OCHOBHBIX KBaHTOBBIX nOHHTHH. 

no3TOMy npe^JiaraeTCH ijejieeoo6pa3- 
hbim b Hanajie Kypca no 3JieKTpHHecTBy 
paCCMOTpeTB OCHOBBI CTpOCHHH aTOMOB 
b npe^ejiax TeopHH Eopa-3oMMep(j)ejiB- 
^a, nOJIB3yHCB ^OCTaTOHHBIMH 3HaHHHMH 
CTyaeHTOB H3 3JieMeHTapHoro Kypca. 

3to no3BOJiHT noejieAOBaTejiBHoe h 
OTHacra o6ocHOBaHHoe BBe^eHne nomi- 
THH ^HCKpeTHBIX COCTOHHHH 3JieKTpOHa, 
KBaHTOBBix HHceji, npHHipina nayjiH, 
BOJIHOBBIX xapaKTepHCTHK 3JieKTpOHOB H 
cooTHomeHHH Heonpe^ejieHHOCTeii. 
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B CTaTte noKa3aHO bjihhhhc fjDyjijrepeHCOjtepiKaiuero TexHnnecKoro 
ymepojta (OTY) Ha peonornnecKHe CBOHCTBa Kap6onenHEix KaynyKOB. 
BtwBjieHa odinaa saBHCHMOCTt KOHueHTpauHH BBOjtmvioro TTY h no- 
KaBaTejia TeKynecTH pacnjiaBa ao h nocne TeMnepaTypHoro B03aeHCTBna. 
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Tadji.l. 


OpaKUHOHHbiii cocTae <DTY. 


OpaKifHn 

Co^ep)KaHHe, % 

CooTHomeHHe ^paKifnii nocjie 3KCTparHpOBaHH^ TOJiyojiOM 

CynepjierKHH npojtyKT (HaHOBOJiOKHa) 

7,75 

JlerKHH npojtyKT (HaHOTpydKH h aMopcjjHBiH ymepo^) 

48,34 

Tn^CeJIBIH OCaflOK (MO^H(|)HIfHpOBaHHBIH Tpa^HT H ^p. 
npHMecn) 

43,91 

CooTHomeHHe pa3JiHHHBix bh^ob (^yjuiepeHOB b TOJiyojiBHOM 3KCTpaKTe 

OyjuiepeHBi rpynnBi C^ 

14,69 

c m 

63,12 


5,88 

c 7 „ 

13,25 

^72^ ^92 

3,06 


B HacToamee BpeMn dojiBinoe bhh- 
MaHne yflejineTcn nccjie^OBaHH^M 
B o6jiaCTH pa3BHTHH HaHOCHCTCM. B 
nepByio onepe/jB 3 to CBH3aHO c npHKa- 
30 M npe3H£eHTa Pocchhckoh Oe/fepa- 
IfHH «06 yTBep5K^eHHH npHOpHTeTHBIX 
HanpaBjieHHH pa3BHTHa HayKH, tcxho- 
jiothh n tcxhhkh b Pocchhckoh Oe^e- 
paiIHH», B KOTOpOM pa3BHTHC HaHOHH- 
AyCTpHH Ha3BaHO 0£HHM H3 rjiaBHBIX B 
HHHOBaifHOHHOM pa3BHTHH 3KOHOMHKH 
CTpaHBI. 

Oahhm H3 nepcneKTHBHBix Ha- 
npaBjieHHH MO^H^HKaifHH CBOHCTB 
nojiHMepOB hbjmctch H3yneHHe jxqPl- 
ctbhh $yjniepeHCOAep5Kamero tcxhh- 
necKoro yraepo^a (OTY) h CMeceii 
^yjuiepeHOB Ha CBoiicTBa nojiHMepHBix 
KOMno3HTOB. HHTepec odycjiOBjieH 
He0AH03HaHHBIM BJHMHHCM OTY Ha 
$H3HKO-MexaHHnecKHe h peojiorn- 
necKHe xapaKTepHCTHKH nojiHMepOB. 
MOAH$HIfHpyK)maH aKTHBHOCTB OTY, 
HecMOTpn Ha ero pa3BHTyio noBepx- 
HOCTB, HaXOflHTCH B oOjiaCTH MHKpO- 

^03Hp0B0K. OTY npeACTaBji^eT co6oh 
CM ecB HaHOMaTepHajiOB b cocTaB koto- 
pBix noMHMO aMop(f)Horo yrjiepo^a h 
MO^H( j)HifHpOBaHHoro rpa(j)HTa BXO£HT 
HaHOTpydKH, HaHOBOJiOKHa h (Jjyjuiepe- 
HOBan ca)Ka. 

AaHHBiH npo^yKT 6 biji nojiyneH Ha 
6a3e KatJje^pBi YK h MT Bopohokckoh 
rocya,apcTBeHHOH TexHOJiorHnecKOH 
axa^eMKH, TJieKTpojfyroBBiM chhtc30m 
b cpe^e rejimi. T1 o^po6hbih cjipaKifHOH- 
hbih cocTaB npe^CTaBjieH b TadjiHije 1 . 
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YrjiepojtHBie HaHOTpydKH coneTa- 
K)T b cede CBOHCTBa cynpaMOJieKyjiBi 
h TBep^oro Tejia h TaK5Ke MoryT pac- 
CMaTpHBaTBCH KaK MO£H(j)HIfHpyK>mHH 
areHT npn co^aHHH nojiHMepHBix kom- 
no3HTOB. 3Ta ocodeHHOCTB npHBjieKaeT 
k cede nocTO^HHoe BHHMaHHe nccjie^o- 
BarejieH, H3ynaiomHx ocodeHHOCTH B3a- 
hmo/jchctbhh noBe,n,eHHii 3 toto odBeKTa 
B pa3JIHHHBIX yCJIOBH5IX. YKa3aHHBie 
ocodeHHOCTH, npe^CTaBjunoiiiHe 3Ha- 
HHTeJIBHBIH HayHHBIH HHTepeC, MOTyT 
dBITB n0JI05KeHBI B OCHOBy 3({)(J)eKTHB- 

hoto npHKjia^Horo HcnojiB30BaHHn Ha- 
HOTpydOK B pa3JIHHHBIX odjiaCTtfX HayKH 
H TeXHOJIOTHH. O^HaKO, KaK nOKa3aJIH 
npe^BapHTejiBHBie Hccjie^OBamra, ohh 
OT pHIfaTeJIBHO BJIH5HOT Ha CBOHCTBa 
3JiaCTOMepHOH K0Mn03HH,HH, npHBHOCHT 
yxy^meHHe tcxhojiothhcckhx cbohctb, 
CB^3aHHOe C aHH30Tp0nHeH K0Mn03HTa 


h pe3KOH yca^KOH CMecen b npoijeccax 
nepepadoTKH. 

TaKHM odpa30M b KauecTBe HaHOMa- 
Tepnajia dtuia BbidpaHa cmccb (jiymiepe- 
hob C 60 ^-C 92 (jtajiee CO), OTjiHuaiomaaca 
CTadHjibHBiMH noKa3arejHiMH KauecTBa, a 
cpejtu HCCJiejtyeMBix KayuyKOB jsjm cpaB- 
HCHH5I dBIJIH BBldpaHBK H30npeH0BBIH (Ha- 
TypanBHBiii) KayuyK (HK) h chhtcthhc- 
ckhh KayuyK 3THjieHnponHjieH£HeHOBBiH 
TpoiiHOH (3IIAK). Bbidop nojiHMepOB od- 
ycjiOBjieH hx pa3HHuen b Henpe^ejiBHOCTH 
H CnOCOdHOCTH K KpHCTaJIJIH3aifHH. KOH- 

ifeHTpaifHa MeiuijiacB b npe^ejiax 0-0,06 
m.h. Bbo^hjih CO b BHjte pacTBOpa Ha 
noBepxHO ctb KayuyKa, nocne BBiCBixaHiw 
nepeMemHBajiH Ha BajiBuax. PfcnBiTaHHa 
no onpejfejieHHK) noKa3aTejia TeKyuecTH 
pacnjiaBa (IITP) npoBOjfHjiHCB Ha npn- 
dope HPT npn TeMnepaType 453° K h Ha- 
rpy3Ke 118 H. 



Phc. 1. 3aBHCHM0CTb noKa3aTejia 
TeKynecTH pacnjiaea HK 
ot coAep^caHHH CO, r#e 
1-KOHTpojibHbiii o6pa3ep 6e3 OC; 2- 
OC 0,03 m.h.; 3-OC 0,045 m.h.; 4-OC 
0,06 M.H. 



Phc. 2. 3aBHCHMOCTb noKa3aTejiH 
TeKynecTH pacnjiasa noaBepaceHoro 
TeMnepaTypHOMy bo3^chctbhio HK 
ot coAep»caHHH CO, me 1 -kohtpojib- 
Hbiii o6pa3eu 6e3 OC; 2- OC 0,03 
m.h.; 3-OC 0,045 m.h.; 4-OC 0,06 

M.H. 



Phc. 3. 3aBHCHMOCTb nona- 
3aTeji» TeKynecTH pacnjiasa 
CK3IIT ot co^ep^caHHa CO, me 

1- KOHTpojibHbiii o6pa3ep 6e3 OC; 

2- OC 0,03 m.h.; 3-OC 0,045 m.h.; 

4-OC 0,06 m.h. 


C uejiBio H3yHHTB peojiorHnecKoe 
noBe^eHHe KaynyKOB c (JjyjuiepeHaMH 
nocne HarpeBa BTOpan eeprni 6Bma no#- 
Bep)KeHa B03,zjeHCTBHio TeMnepaTypBi 
npH TeMnepaType 373°K b TeneHHH 24 
naeoB. 

B pe3yjiBTaTe nojiyneHBi cjie^yio- 
iipie 3aBHCHMOCTH (pHc.1-4): 

B HTore H3 npe^CTaBjieHHBix #aH- 
HBIX £JIH HK M05KH0 C^eJiaTB 3aKJIIO- 
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HeHHe O TOM, HTO BBe^eHHe ^o6aBKH 
(J)ynjiepeHOB yBejiHHHBaeT nTP npo- 
nopi^HOHajiBHO noBBimeHHK) hx koh- 
II,eHTpaiI,HH. 3 t 0, BepOUTHO, CB5I3aHO 
c o6jierneHHeM BHyTpHMOJieKyjinpHBix 
B3aHMOAeiiCTBHH H IIOCTeiieHHBIM CHH- 
5KCHHeM CTeneHH KpHCTaJIJIHHHOCTH 
H3onpeHOBoro Kaynyxa. J\jik no^Bep- 
}KeHBix TeMnepaTypHOMy B03fleHCTBHio 

nTP r/10 MMH. 

0.75 
0.7 
0,65 
0.6 
0.55 
0.5 

1 2 B 4 06 pa?eu 

Phc. 4. 3aBHCHMOCTb noKa3aTejiH 
TeKynecTH pacnjiasa noaBepaceHHO- 
ro TeMnepaTypHOMy B03^eiiCTBHio 
CK3nT ot coAeptfcaHHH CO, me 

1- KOHTpojibHbiii o6pa3eu 6e3 OC; 

2- OC 0,03 m.h.; 3-OC 0,045 m.h.; 

4-OC 0,06 m.h. 

o6pa3i^OB HK Ha6jiKmaeTc;i odparaan 

3aBHCHMOCTB, KOTOpaH yKa3BiBaeT Ha 
npOTexaHHe xhmhhc ckhx peaKipiH 
chihbkh (j)yjniepeHOB C nOJIHMepHOH 
MaTpHi^eii, hto coBna^aeT c cootbct- 
CTByiOHIHM CHH^CeHHeM paCTBOpHMO- 
cth TepMOCTaTHpoBaHHBix KaynyKOB H 
yBejiHneHHeM rejiB-cjipaKipiH ajiacTO- 
Mepa. 

Bjin^HHe (J)yjuiepeHOB Ha CK3nT 
TaK5Ke BBi3BiBaeT yBejiHneHHe TeKyne- 
CTH, O^HaKO 3aBHCHMOCTB HMeeT He 

npaMOJiHHeHHBiH xapaKTep, a npoxo- 
#ht nepe3 MaxcHMyM npn KOHijeHTpa- 
ijhh 0,03 Macc.H. c flajiBHeHHiHM C na- 
/jom. 3to no^TBep}K^aeT nojiyneHHBie 
HaMH paHee pe3yjiBTaTBi o pe3KOM no- 
BBIHieHHH CTeneHH KpHCTaJIJIHHHOCTH 
MHKpo6jIOHHBIX 3JiaCTOMepOB, K KOTO- 
pBiM othochtch CK3HT, npn onpe^e- 
jieHHOH KOHijeHTpaijHH (J)yjuiepeHOB. 
Y no^Bep}KeHHBix TeMnepaTypHOMy 
B03AeHCTBHio o6pa3ija npouBjineTcn Ta 
hk e TeH^eHipni hto h y HK, a hmchho 
nocTeneHHBiH ena# noKa3aTejia Texy- 
necTH npn yBejiHneHHH KOHijeHTpaipiH 
(J)yjuiepeHOB. 

TaKHM o6pa30M mo)kho e^ejiaTB ejie- 
^yiomne bbibo/jbi: 

npH {jMSHKO-XHMHHeCKHX B3aHMO- 
AeHCTBH^x (^yjuiepeHOB b nojiHMepHBix 
MaTpHI^aX pa3JIHHHOH XHMHHeCKOH npH- 
po^Bi HaOjuo^aiOTca odmne 3aKOHOMep- 


HOCTH, CBH3aHHBie C ^eHCTBHeM ajuio- 
TponHoii (jiopMBi yraepo^a ok mok- 
MOJieKyjiapHoro njiacTHcjiHKaTopa, ajhi 
O 5K£0T0 nOJIHMepa Heo6xO^HMO npOBO- 
£HTB OnTHMH3ail,HK) no KOHH,eHTpaH,HH B 
3aBHCHMOCTH OT eTO KpHCTaJIJIHHHOCTH 
H BH^a 6JIOHHOH CTpyKTypBI. 

npn noBBimeHHH TeMnepaTypBi #o 
ypOBHn 373°K HaOjiio^aeTCn xhmhhc- 
CKoe npneo e^HHeHHe (jiymiepeHOB, hto 
H eo6xo£HMO yHHTBmaTB b npoijeeeax 
nepepaOoTKH nojiHMepOB. 
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DETERMINATION OF EXPERT 
ASSESSMENT OF QUALITY 

A. Kryukov 1 , Doctor of Economic Sciences, Full Professor, 
Head of a Chair 

I. Kriukova 2 , Lecturer of Economics 
Siberian Federal University, Russia 1 
Krasnoyarsk Secondary School No. 10, Russia 2 

In this article the algorithm of identification of expert assessment 
of quality on the basis of the assessment matrix line values has been 
built for the automated processing of expertise results during the 
quality assessment. Methods of products, works and services quality 
assessment require subjective assessment by experts. It is possible to 
use the grading system of quality indicators for the express-assessment 
of product quality. 

Keyword: expertise results processing, quality assessment, 
algorithm, express-assessment, grading system. 

Conference participants, National championship in scientific analytics, 
Open European and Asian research analytics championship 


OnPE^EJIEHHE DKCFIEPTHblX OU,EHOK 
KAHECTBA 

KpiOKOB A.O. 1 , fl-p 3 koh. HayK, npcxj)., 3aB. KatjieupOH 
KpiOKOBa H.A. 2 , npeno/faBarejiB okohomhkh 
Ch6hpckhh (jjeuepajiBHBiii ynuBepcuTeT, Poccna 1 
CIU N2 10 MO r. KpacHoapcKa, Poccna 2 


B pafioTe ana aBTOMara 3 HpOBaHHOH odpafioTKH pe 3 yjn>TaroB 
3 KcnepTH 3 npn oueroce ee KanecTBa nocTpoeH anropHTM BtiaBjieHna 
3 KcnepTHon oueHKH KanecTBa Ha ochobc 3 HaueHHH CTpox MaTpmtBi 
oueHKH. MeToati ouchkh KanecTBa H 3 r ztejinn, padoT h ycnyr TpedyiOT 
HCn 0 JIB 30 BaHH» eyfiueKTHBHBIX OUCHOK 3 KCnepTOB. J\jik 3 KCnpeee- 
oueHKH KanecTBa npo^yKnun mcukho Hcnojii> 30 BaTt> dantHyio cncTCMy 
no noKa 3 aTeji 5 iM KanecTBa. 

KjuoneBbie cjioea. OdpafioTKa pe 3 yjit>TaTOB 3 KcnepTH 3 . OueHKa 
KanecTBa. AnropHTM. OKcnpecc-oncHKa. EajiBHaa CHCTeMa. 

YnacTHHKH KOH(|)epeHn,HH HaunoHajibHoro nepBeHCTBa no HayHHoii aHannTHKe 
OTKpbiToro EBponeficKO-A 3 HaTCKoro nepBeHCTBa no HayHHoii aHannTHKe 


^ros^§! http://dx.doi.org/! 0. 1 8007/gisap:pmc.v0i6. 1 077 


Hauano 

* 

Biarae H 3 6 a 3 bi uaHHbix 0 { . 


BsjiTHe H3 6a3bi naHHbix 
TpefiyeMyK) BejiHHHHy p 

l 

BbiHHCJieHHe (l-p)/p 


BbiHHCjieHHe A Y m = t a (k)(5 



KOHeu 


Phc. 1. AjiropHTM 



CnrHan oueHKH O - 
UOCTOBepeH 


OnpeneneHHe 

Ar = q-j»)/ p-o 


T 

OnpenejreHHe k= ^ i 

“1 

I 


BbiHHCjieHHe G = 

k-\ 


BsjiTHe H3 6a3bi uaHHbix t a ( k ) 



1. AjiropHTM onpeuejieHHH 3 kc- 
nepTHbix opeHOK KanecTBa 

J\jIK aBTOMaTH3HpOBaHHOH odpadOT- 
kh pe3ym>TaTOB 3KcnepTH3 npu oueHKe 
KauecTBa oueHKH nocTpoeH anropHTM 
BbiaBjieHua 3KcnepTHoii oueHKH Kane- 
CTBa Ha OCHOBe 3HaHeHHH CTpOK MaTpH- 
Ubi oueHKH |c,| . Marpmja oueHKH no m 
- noKa3aTenaM npn onpeuejieHHH nojiy- 
neHa npoH3BeuoHHeM MarpHUBi bccobbix 
K034)$nifHeHT0B noKa3aTejieii KanecTBa 
|c..| h MaTpHUBi ubohhhbix noKa3aTejieH 
OKcnepTHBix oifeHOK |3 i7 | no Ka5K^on n - 
rpynne m - noKa3arejien, nenojiB30BaH- 
hbix 3KcnepTaMn ujm oifeHKn KanecTBa 

noTemanajia |o..| = |c..| • |3..|. 

3to no3BOJiaeT hmctb MaTpnnHyio 
6a3y 3KcnepTHBix oueHOK [1] KanecTBa 
H yCTaHOBHTB C KaKOTO HHCJia 3KCnep- 
tob k M05KeT 6bitb odecneneHa 3auaHHaa 
BepoaTHOCTB nonyneHna KanecTBeHHon 
oueHKH - p n ee uocTOBepHan BennunHa 
b ouemce - O. Run 3toto npe^JiaraeTca 
cneuyiomnn anropHTM (pnc.l): 

2. 3KcnepTbi b oueHKe KanecTBa 
noTpedHTejibCKHx cbohctb louapa 

MeTO^Bi oueHKH KanecTBa H3uenHH, 
padoT h ycnyr TpedyiOT HcnojiB30BaHHa 
CydBeKTHBHBIX OUCHOK OKCnepTOB. J\jm 
3Kcnpece-oueHKH KanecTBa npouyKUHH 
M05KH0 HCn0JIB30BaTB n- daJIBHyiO CHCTe- 
Mynom - noKa3arejHiM KanecTBa. B 3tom 
enynae CTpOHTca MaTpnua bccobbix K03(j)- 
^HUHeHTOB noKa3aTejien KanecTBa h 3a- 
nonHaeTca MaTpnua 3KcnepTOB, ynacTBy- 
IOIUHX B OUeHKe. ^OCTOBepHOCTB oueHKH 
KanecTBa rouejiHH 3aBHCHT ot nnejia okc- 
nepTOB, ynacTBytoiunx b ouHOBpeMeHHOH 
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oueHKe. TpedyeTca odocHOBaTB mhhh- 
ManBHoe hhcjio OKcnepTOB, odeeneuHBa- 
ioiuhx 3auaHHyK) BeponTHO ctb nojiynemDi 
UOCTOBepHoro KanecTBa npouyKUHH. B 
ocHOBy 3Toro paeneTa jiokht paBeHCTBO 
UOBepHTeJIBHBIX HHTepBaJIOB OTKJIOHeHHH 
b oueHKe KanecTBa npouyKUHH. npn 3 tom 
UOB epHTeJIBHBIH HHTepBaJI OTKJIOHeHHH, 
BBIHHCJieHHBIH nO JfOnyCTHMOH BepOflTHO- 

cth MaTeMaTHne ckoto oncHuaHHa cjiynaH- 
HOH BeJIHHHHBI ypOBHH KaHeCTBa, UOJDKeH 
dbiTB paBeH uoBepHTejiBHOMy HHTepBajiy 
OTKJIOHeHHH H3MepeHHOH BeJIHHHHBI, 
onpeuejieHHOMy nepe3 cpeuHeKBauparaH- 
Hoe OTKjiOHeHHe cjiynaHHOH bcjihhhhbi h 
K 03(j)({)HUHeHT CTBIOUeHTa [1], BeJIHHHHBI 
KOTOpBIX 3aBHCHT OT HHCJia 3KCnepTOB, 
ynacTByioiuHx b oueHKe KanecTBa npo- 
uyKUHH. 


Torua A O p - uoBepHTejiBHBiii 
HHTepBaji OTKJIOHeHHH b oueHKe Ka- 
necTBa H3uejiHH nepe3 uonycTHMyio 
BepOUTHOCTB HX BBICOKOTO KaHCCTBa 

- p bbihhcjihm no cjieuyioiueMy bbi- 
pa)KeHHio: 

m k 

a o p =(i-p)/ P £ £ <y* 

ii=\ 7=1 

rue O.. - oueHKa i - KanecTBa j - 3 kc- 

nepTOM, 

m - hhcjio noKa3aTejien KanecTBa, 
k - HHCJIO OKCnepTOB, 
OuHOBpeMeHHO UOBepHTeJIBHBIH HH- 
TepBaji OTKJIOHeHHH B H3MepeHHOH 3KC- 
nepTaMH oueHKe KanecTBa npouyKUHH 
nepe3 cpeuHeKBaupaTHHHoe otkjiohc- 
HHe - (7 H K03(])(j)HUHeHT CtBIOUCHTU - 
t a paBeH: 
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A <9 = t 


I I 


k - 1 


,ZJjni odecneneHmi CTaTHCTHneexon 
Ha^e»cHOCTH BBinojiHeHHtix 3KcnepTa- 
mh oijeHox Heo6xo^HMO, hto6bi nepe3 
AOp h A6fj o6ecneHHBajiocB Hepa- 
BeHCTBO 


bbix K03(J)(J)Hij,HeHT0B \C. | £jiji napaMe- 
TpOB KanecTBa n MaTpnijy CTpox oijeHOx 
3KCnepTOB |^-| B /JBOHHHOH CHCTCMe 
no napaMeTpaM xanecTBa, onpe^ejmeM 
MaTpni^y 3KcnepTHBix oijeHOx |Q-| xa k 
npoH3Be^eHHe MarpmjBi bccobbix xo3(j)- 
(J)HI^HeHTOB H MaTpHI^BI OIjeHOK 3KCnep- 
tob no BBipa)KeHHK) (3): 


A O p > A O a 


( 1 ) 


npn 3a^aHHBIX ypOBH^X BepOflTHO- 

cth KanecTBeHHOCTH npo^yKi^nn (0.9; 
0.95; 0.99) nocjie npeo6pa30BaHmi He- 
paBeHCTBa (1) onpe^ejraeM MHHHMajiB- 
Hoe hhcjio 3KcnepTOB k, KOTOpoe He- 
o6xo#hmo HMeTB £jni Texymen oijemcn 
xanecTBa npo^yxijHH. 


\0 = c.. • 3- 

I u\ | V | v\ 


( 3 ) 


(1 ~P)/P> 


1 /=1 /=1 y =1 


( 2 ) 


HepaBeHCTBO (2) CB^3BiBaeT BepojiT- 
HOCTB ^OCTOBepHOCTH £JI5I nOJiyneHHil 
xanecTBeHHon npo^yxi^nn -pc Bejin- 
HHHaMH t a H G , XOTOpBie 3aBHC5IT 
ot nncjia sxcnepTOB, ynacTByiomHx b 
oijemce. HMea Marpnijy ctoji6ijob Beco- 


B n - OajiBHon cncTeMe oxcnepT- 
hoh oi^eHxn xanecTBa npo^yxijHH xa>x- 
flBin j - sxcnepT 3anojiH3ieT no CBoeMy 
HOMepy o#Hy CTpoxy MaTpmjBi 1 3- 1 . B 
CTpoxe HMeeTC^ m - noxa3aTejien xa- 
necTBa, crpynnnpOBaHHBix b r - rpynn 
xanecTB. B xa5x/jon H3 rpynn sxcnepT b 
COOTB eTCTBHH CO CBOCH XBaJIH(j)HXaiJH- 

en no bbi^bjichhbim He^ocTaTxaM npo- 
^yxijnn BBiCTaBjiaeT oi^eHxy 0 jih6o 1 
no noxa3aTeji^M r - rpynnxi. 

TaxHM o6pa30M, b xa5x/jon CTpoxe 
MaTpni^Bi 1 3. | aojdxho 6bitb r - e^H- 
hhu, n (m-r) - Hynen. rio^CTaBHB b He- 
paBeHCTBO (2), nojiyneHHBie 3HaneHna 
O n TaOjiHHHBie 3HaneHna, bbihhcjiji- 
eM MHHHMajiBHoe hhcjio sxcnepTOB k, 


oOecnenHBaiomHx 3a^aHHyK) Bepo^rr- 
hoctb ^ocTOBepHOCTH xanecTBa npo- 
Ayxi^nn - p. 
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MATHEMATICAL INDUCTION. ISSUES 

R. Kljujkov, Postgraduate Student 
S. Kljujkov, Engineer 

Pryazovskyi State Technical University, Ukraine 


Since olden times the phenomenon of new knowledge emergence 
has been noticed through generalization of homogeneous experience- 
based facts by means of induction. If all facts from a set are investigated, 
induction is complete. Incomplete induction is more interesting for 
Cognition, but it was with a problem. Socrates improved the inductive 
generalization with through Socratic method, logos - verbal dialectics. 
Plato solved the problem of induction by means of numerical dialectics 
of hierarchy of ideas-eidos-numbers. Aristotle took only ideas, 
introduced axioms and added problems. 

Keywords: generalization, induction, deduction, intuition, Truth, 
ideals, axioms. 


Conference participants, National championship in scientifi c analytics, 
Open European and Asian research analytics championship 


MATEMATHHECKA5I HH^yKUIM. 
nPOEJIEMbl 

Kjiiohkob PC., acnnpaHT 
Kjiiohkob C.<P., HH5KeHep 

npHa30BCKHH TOCy^apCTBeHHBIH TCXHHHeCKHH yHHBepCHTCT, 
YKpanHa 

H3AaBHa 3aMeueHO aBJieHne hobbix 3HaHHii ododmeHHeM ojjho- 
pOJJHBIX OnBITHBIX cJiaKTOB HHJtyKUHeH. EcJIH HCCJie^OBaHBI Bee (JiaKTbl 
MHO^cecTBa, HH^tyKitua nojiHaa. IIo3HaHHa uHTepecHen HenojiHaa, 
ho OHa 6tuia c npodaeMon. CoxpaT HH/iyKTHBHoe ododmemie yjiyu- 
mHji MaheBTHKOH, norocoM - cjiobcchoh /tHajieKTHKOH. IIjiaTOH pemuji 
npo6jieMy HHjtyKimn hhcjioboh jtnajieKTHKOH Hepapxnn Hjteu-aiUo- 
COB-HHCeJI. ApHCTOTeJIB B3BJI JIHUIB H/jeH, BBeJI aKCHOMBI H JJodaBHJI 
npo6jieM. 

KjuoHeBbie cjioea: o6o6meHne, HHjtyKima, /je/tyicuHa, HHTymma, 

HcTHHa, H/teajiBi, axcHOMBi. 

YnacTHHKH KOH(J)epeHn,HH, HaunoHajibHoro nepBeHCTBa no HaynHoii aHajiHTHKe, 

OTKpbiToro EBponeHCKO-AsHaTCKoro nepBeHCTBa no HayuHon aHajiHTHKe 


http://dx.doi.org/10.18007/gisap:pmc.v0i6.1078 


E me ttaneKne npe^KH 3 aMeTHjiH b 
flpHpo/te noBTOpaeMOCTBUBjieHHH, 
^orattajiHCb o cyme CTBOBaHHH o6me- 
ro nopa^xa, m>iTajiHCi> cpaBHeroieM 
cxo^hbix (JiaKTOB ycTaHOBHTB npaBHjia 
rapMOHHH, npettyrattaTB pa3BHrae. Ha- 
KOnjieHHe HHtjjOpMaiJHH, CHCTeMaTH3a- 
itH a, itenocTHBiH oxBar nacTHBix (jiaKTOB 
- nepBBie niara HejiOBenecTBa no ttopo- 
re k 3HaHHio o BeejieHHOH, noBceMecT- 
ho h deenpeKOCJiOBHO no/piHHiiiomeHCii 
HeBepO^THO XHTp OyMHBIM BeHHBIM 3a- 
KOHaM. 

Co BpeMeHeM mqtojx paccy^e- 

HHHOT OTtteJIBHBIX HaCTHBIX (jiaKTOB K 
o6o6nteHHOMy BBIBO^y, odBUCHaiOmHHH 
npe;tCKa3BiBaiomHH HOBoe, Ha3BanH hh- 
flyrameH. (EC3): «HHfl,yKU,UH (rpen. 
epagoge - HaBe/temie), bh^ ododmeHHH, 
CBimHHBix c npe/tBoexHmeHHeM pe3ynB- 
TaTOB HadnKmeHHH h 3KcnepHMeHTOB... 
3TOT odlUHH B3TJDm BBIpa)KaeTC5I, KaK 
npaBHjio, nocpe^CTBOM hobbix hohuthh, 
KaK 6 bI paeiHH(j)pOBBIBaiOHtHX «CKpBITBIH 
cmbicji» HadniottaeMBix hbjichkh, h 3 a- 
KpennaeTca b cjjopMyjiHpOBKax npHHHH- 
HBIX HJIH UK e CTaTHCTHHeCKHX 3aKOHOB». 
IIpHHUHn MeTOtta: npH 3 HaK ot^cjibhbix 
Bemeii h aBjieHHH nepeHOCHTca Ha Bce- 
o^HOpo^HBie BentH h aBjieHHa. 

HHttyKitna Ha 3 BiBaeTca nojiHOH, 
ecjiH 6 bijih Hccjie/tOBaHBi Bee b emu h 
nBjieHHH ^aHHoro Kjiacca. OHa MaKCH- 
MaJIBHO ttOCTOBepHa, eCJIH nOCBIJIKH 
hcthhhbi. flocjiettyiomHH nepeHoe npn- 
3 HaKOB odmero Ha uacraoe hothhcckh 
neTKO odoCHOBaH H HIHpOKO H 3 BeCTCH 
KaK ^e^yKitna - CTaHjtapT CTporocTH h 
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odoCHOBaHHOCTH JIOTHHeCKOTO MBIHI- 

jieHHa! Ho nonHaa HHttyKitHiiHe npn- 
BjieKaTenBHa HccjiettOBarejmM, TaK KaK 
HBJIHeTCH TpHBHaJIBHBIM OTHCTOM 06 
y)Keno3HaHHBix (jiaKTax. HcejieAOBare- 
jih name nonB3yiOTca HenojiHon HH^yK- 
imeii, nepeHocn y>Ke HcejiettOBaHHBie 
npH3HaKHB elite Heno3HaHHBie odnacTH 
3HaHHH C dOJIBHieil HJIH MeHBHieH CTe- 
neHBIO BepOUTHOCTH nOATBep}K^eHHH HX 
TaM. npOCTaH MHOTOKpaTHOCTB nOBTO- 
peHM OnBITHBIX JtaHHBIX B OTCyTCTBHH 
HCKjHoueHHH BHymaeT HccjiettOBaTejiaM 
yBepeHHOCTB b ee peryjinpHOCTH, He- 
H3MCHHO CTH BO BCeX CXO^HBIX CJiyua- 
nx. O^HaKO 3TOJIHHIB npe/tnojio)KeHHe, 
Tax KaK nottodHBiH nepeHoe npH3HaKOB 
uacTHoro Ha odmee He aBjiaeTcn jioth- 
HeCKH odoCHOBaHHBIM. Ero JIOTHHeCKHH 
3aKOH - HHttyKitna - Bee elite nojie He- 
acHoro, npodjieMaTHHHoro, ho hhtch- 
chbho pa3BHBaiomerocii ceroAHH b jio- 
THKe. flo CHX nop HHJtyKHHfl - «JtBIp5IBaa 
Tpy6a»: ckojibko hcthhhbix nocBmoK He 
BjiHBaii b ee Hauajio, Bee paBHO Ha bbi- 
xo^e HCTHHHoe 3aKjnoueHHe He nojiy- 
hhhib! no3TOMy EC3 6e3anejiJumHOHHO 

3aHBJiaeTI «HHKaKOH JIOTHHeCKHH 3aKOH 

He eooTBeTCTByeT nepexotty ot uacTHO- 

TO K 06lIteMy»! HCTHHa HH^yKTHBHBIX 

ododmeHHH jiorHuecKH HeBepo^THa! Ho 
HejiOBeuecTBO ynpuMO BBmejiaeT HOBBie 
H HOBBie BHABI HH^yKItHHI 3JieKTpHHe- 
CKa a, MaammmajL, 3JieKmpoMa2HumHdL%, 
xHMHuecKa;i, 3JieKTpocTaTHuecKaji, Ha- 
yHHaH, B $H3HOJIOTHH, 3M6pHOJIOTHH, H 
^a)Ke - coitHOJiorHHecKan! 

Hto TaKoe«o6Bopo}KHTejiBHoe» npo- 


ttOJI^CaeT npHT^THBaTB Hac B HHJtyKItHH? 

J\o chx nop e^Ba y3aKOHeHHOH omy- 
nBio, cjienon KHTyHitneii pacTyT Harnn 
3HaHHa, yBejiHHHBaeTca hx CTeneHB 
odlltHOCTH, MH05KaTCH «HH^yKTHBHBie 
o6o6nteHHa», «onBiTHBie hcthhbi», 
«3MnHpHnecKHe 3aKOHBi» h T.n. Hejio- 
BenecTBO Bee dojiBine yTBep^aeTCH bo 
MH eHHH o Bepo^THOCTHOM xapaKTepe 
Beex OTKpBITBIX HBMH 3aKOHOB npH- 
po^Bi. Tax KaK Bee 3aKOHBi HaiifleHBi 
«HH^yKTHBHOH? JIOTHKOH», «HayHHOH? 
HH^yKItHen», BBldopOM H3 aJIBTepHaTHB- 
hbix rnnoTe3 (onpoBep^ceHHeM o^hoh 
o6a3aTejiBHO noATBep)K^aiOTca ocTaB- 
niHeca), h noTOMy - He^ocTaTOHHBi! Pe- 
ajiBHOCTBio CTajio ApeBHee BBipa^eroie 
eo({)HCTa Topma: «BeponTHoe Baraee 
hcthhhoto»! 3to C03ttaeT nouBy nonne- 
py ajdi CKenTHnecKHx comhchhhbo Been 
eoBOKynHOCTH HejiOBenecKHx 3HaHHH 
[1]: «Bce TeopHH npeACTaBjiaioT codon 
THnoTe3Bi, Bee Moryr 6 bitb onpOBepray- 
tbi» ! KoHTeKCTyajiBHoe 3HaneHHe «npo- 
rpecca» nonnep [2] yyK e 6e3 CMymeHHa 
nepe^aeT noHUTH^MH «npe^CKa3aHHe» 
h «npe^BH^eHHe»! Ee3Bepne pacTeT He 

TOJIBKO B peJIHTHH, HO H B HayKe - T05Ke! 

B aHTHHHO CTH MBICJIHTCJIH, HMC5I B 
paenOpIDKeHHH ttOCTaTOHHO pa3BHTyio 
MaTeMaTHKy, 3aMeTHjiH apKoe Bonjionte- 
Hne npHHitHna HH^yKitHH b MaTeMaTH- 
necKHx BBiBO^ax h BBmejiHjiH oeodyio 
MaTeMaTHnecKyio HH^yKitmo - mctoji 
ttOKa3aTeJIBCTBa /tJIII 06BeKT0B, BBICTpO- 
eHHBIX nOpHAKOM HaTypaJIBHBIX HHCeJI. 
npH 3TOM Bee £0Ka3areJIBCTB06BIJI0 HH- 
CTO AGAyKTHBHBIM (OT odllteTO K HaCT- 


HOMy), a Bee oco6eHHoe 3axjnoHajiocB 
B T.H. ^OrOBOpHOM npHHI^Hne HHflyKI^HH 

(EC3): «IIycTb: 1) hhcjio eAUHHija 06- 
jia^aeT cbohctbom A; 2) H3 Toro, hto 
k.-ji. HaTypajibHoe hhcjio h o6jia^aeT 

CBOHCTBOM A, BBITdCaeT, HTO H HHCJIO fl 

+ 1 o6jia^aeT cbohctbom A». H ao chx 
nop ^oroBOpHbiMH corjiameHHUMH Mare- 
MaTHKOB («y 3 aKOHeHHbIMH» aKCHOMaMH) 
3 aByajiHp 0 BaH 0 ocymecTBjBiioT Majio 
o 6 ocHOBaHHBiH nepexoA ot nacTHoro k 
o 6 meMy! OnnpaiOTCn Ha p ha HarypajiB- 
hbix HHceji KaKnojiHO ctbk) ynopHAoneH- 
HOe MH 05 KCCTB 0 . H 03 T 0 My CHHTaiOT npn- 
3 Hax OT^ejiBHoro oGbeKTa HaTypajiBHoro 
pa^a,CBOHCTBeHHBiM BceMy pHAy.Ha 
3 tom >xe npHHi^Hne 6 a 3 HpyeTCH h y 6 ox- 
ACHHOCTB MaTeMaTHKOB B hcthhhocth 
pHAa HaTypajiBHBix hhccji, Tax hkq 6 e 3 AO- 
Ka 3 aTejiBHO h 6 ccctbiaho nocTyjiHpye- 
Ma^B nepByio onepe^B jiio 6 oh chctcmoh 
axcHOM! 

IIoBceMecTHO omymaeTcn Heo6xo- 
Ahmoctb npHMeHeHna HH^yKi^HH, xax 
o6mero B3rjia^a Ha rpynnBi oahopoa- 
hbix (jmxTOB, no3BOJHiiomero tohho o 6 b- 
hchhtb h npe#cxa3BiBaTB hx 6yAymee 
pa3BHTHe. BBinojiHeHHan HenojiHon hh- 
AyxijHeH abcTpaxijHH mhojxcctb npax- 
THHeCXHX 3HaHHH nOMOTaeT 6BICTpee 
hath BnepeA Aance npn hx omyTHMOH 
HCAOCTane: Bee paBHO mbi HHxorAa He 
CMO)xeM HccjieAOBaTB bck) 6ecxoHen- 

HOCTB B03M05XHBIX CJiyHaeB. B 3TOM - 

no3HaBaTejiBHBiH cmbicji npHMeHeHHn 
HenOJIHOH HHAy KH,HH ! Ho HMeHHO 3AeCB, 
b HaHH,eHHeHHieM npeHMymecTBe, cxpBi- 
BaeTcn caMoe cjia6oe mccto HH^yxipoi: 
6yAynn HenojiHon, OHa ocTaeTCH npo- 
6jieMaTHHHOH! 

Ha 3 tom 3Tane CBoero npeACTaBjie- 
HHH B n03HaHHH HHAyXIJHH 3aHHTepeCO- 
Bajia cjiHjiococjiHK). ^peBHHe mbicjihtcjih 
b npHo6peTeHHH hobbix 3HaHHH Tax)xe 
noneTHyio pojiB otboahjih hx HHAyx- 
THBHOMy o6o6meHHK). B (])HJIOCO(|)HH H 
Apyrnx Hayxax hco 6 xoahmo Tpe6oBajica 
Taxon o 6 iahh B3rjiaA Ha rpynnBi oaho- 
POahbix (JjaxTOB AJia o 6 bhchchhh h npeA- 
cxa3BiBaHHn hbjichhh npHpoAti h o6me- 
ctbchhoh 5XH3HH. 3nHxypeiiABi b cnope 
CO CTOHXaMH 3aiAHIAaJIH HHAyXAHIO xax 
eAHHCTBeHHBIH aBTOpHTCTHBIH MCTOA 
AOxa3arejiBCTBa 3axoHOB npnpOABi. Ho 
TyT }xe CTOJixHyjiHCB c npo6jieMOH ero 
o6ocHOBaHHn: He 6 bijio 6a3nca jiern- 

THMHOCTH HHAyXTHBHBIX paCCy5XACHHH, 
He 6 bIJIO OCHOBAHHH npH3HaHHH HX npH- 


eMjieMBiMH, OTcyTCTBOBajia rapaHTHH 
HCTHHHOCTH 3aXJHOHCHHH, HCCMOTpH Ha 

hcthhhoctb hx nocBuiox - nepBan npo- 
6jieMa HHAyxAHH. 3nnxypeHABi cmotjih 
npeAJio)XHTB jihihb 3MnHpHHecxoe ot- 
cyTCTBHe npoTHBOpenaiAnx (JjaxTOB, Me- 
HiaiOIAHX HHAyXTHBHOMy o6o6meHHK). 
Bee nonBiTXH jiynniero oGocHOBamni 
HHAyxAHH - 6e3ycneiHHBi! 

napMeHHA HAeio cjiOBecHoro hh- 
AyxTHBHoro o6o6iachhh 3HaHHH aobcji 
AO npeAejia - Eahhoto hch3mchhoto 
Hanajia Bcero, xoTOpoe y hkq He tojibxo 
He 3aBHcejio ot tohxh 3peHHH mbicjih- 
TCJIH, HO H 3XCXJII03HBH0 coAep)xajio 
HcTHHy Bcero cymero, 6bijio HaA hhm. 
Hmchho Taxoe o6o6iachhc CoxpaT ao- 
Beji ao coBepmeHCTBa CBoen cjiobcchoh 
AnajiexTHxoH - ManeBTHxoH, jiotocom, 
CJIOBCCHOH BH3BIO BOnpOCOB H OTBCTOB, 
ijejieHanpaBjieHHO BeAymen x bchhbim, 
HCH3MCHHBIM, COBepHICHHBIM, npeXpaC- 
HBIM, HCTHHHBIM, A06pOTHBIM H A06pO- 
AeTejiBHBiM cjiOBecHBiM onpeAejieHH^M. 
fl,HajiexTHxa CoxpaTa - eme He 6e3yxo- 

PH3HCHHBIH MCTOA o6o6lACHHH OnBIT- 

hbix AaHHBix HHAyxAHeii, a jihihb npa- 
BHjiBHoe HanpaBjieHHe abh5xchhh. 

CoxpaT nepeAaji njiaTOHy Hepe- 
meHHyio nepByio npo6jieMy HHAyxijHH: 
HaHTH H o6oCHOBaTB o6lAHH B3TJIHA Ha 

OAHOpOAHBie (jjaxra, mctoa o6o6iachh^ 

eAHHHHHBIX npaBHJIBHBIX Ha6jIK)AeHHH 
B OAHO HCTHHHOe nOHHTHe. OHJI0C0- 
cjiaMH 6biji HaiiAeH tojibxo «npHHH,Hn 
HHAyXH,HH», OAHH H3 CaMBIX 3HaHHMBIX 
MOMeHTOB 4 )HJIOCO$HH h HayxH B006me, 
XOTOpBIH n03B0JI5IJI HHOTAa BBIBOAHTB 
yHHBepcajiBHBie 3axoHBi. BjiaroAapa 
«npHHAHny HHAyxu,HH» o6iahh b3tjbia 
HenoHOTHO xax npHo6peTaji HOBoe xane- 
CTBO, BBMBJI^JI «CXpBITBIH CMBICJI Ha6jIIO- 
AeHHH» H npHBOAHJI x npeAnoji05xeHHio: 
Tax 6yAeT b cxoahbix cjiynanx. Ho npeA- 
nojioixeHHe ocTaBajiocB HeAOxa3aHHBiM ! 

njiaTOH pa3peniHji nepByio npo- 
6jieMy HHAyxAHH hhcjioboh Anajiex- 
THXOH, HIHpOXO H CBO6OAHO npHMC- 
hhji b no3HaHHH Hcthh h noApo6HO 
onHcaji«TeopHeH hach» b « r D,Hajiorax». 

ApncTOTejiB b «MeTa(J)H3Hxe» 
yHHHTO)XHTejiBHO oachhji CAejiaHHoe 
(987b5-10): «njiaTOH, ycBOHB b3tjiha 
C oxpaTa, AOxa3BiBaji, hto Taxne onpe- 
AeJieHHH OTHOCHTCa He X HyBCTBCHHO 
BoenpHHHMaeMOMy, a x neMy-TO Apyro- 
My, h 6 o, CHHTaji oh, HejiB3a AaTB o6mero 
onpeAejieHH^ hcto-jih 6 o H3 nyBCTBeHHO 
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BoenpHHHMaeMoro, nocxojiBxy oho no- 
ctouhho H3MeH^eTca. H bot 3to Apyroe 
H3 cymero oh Ha3Baji hac^mh... Hepe3 
npHnacTHOCTB 3HAOCAM (hachm) cyme- 
CTByeT Bee mhojxcctbo BemeH. OAHaxo 

«npHHaCTHOCTB» - 3TO JIHIHB HOBOe HM! 
nn(J)aropeHABi yTBep5XAaiOT, hto bciah 
cymecTByiOT nepe3 noApajxaHHe hhc- 
jiaM, a njiaTOH - nepe3 npHnacraocTB. 

Ho hto Taxoe npHnacTHO ctb hjih noA- 
pa>xaHH e oiiAOcaM, hccjicaobatb 3to ohh 
npeAOCTaBHjin ApyrHM». 

CoBepmeHHO He noHUB njiaTOHOBy 
HepapXHK) HAeH-3HAOCOB-HHCeJI, ApH- 
CTOTeJIB hbhbimh obbexTaMH («MaTe- 
pHn» h «(JjopMa») «MaTepHajiH30Baji» 
hx. «HAeajiBHoe» CTajio «(j)opMajiB- 
hbim» ! npoH3omjio onpeAMeHHBaHHe, 
AyxoBHaa obBexTHBaiiHa 6o5xcctbchhbix 
HA eaJIBHBIX o6pa30B MHOrOHHCJieHHBIMH 
npH3eMjieHHBiMH «neiAepHBiMH» (mh$ o 
nemepe!) xaTeropH^MH. OTxa3aBHiHCB 
OT njiaTOHOBOH HHCJIOBOH AHaJieXTHXH, 
ApHCTOTeJIB JIHHIHJICH HAeaJIOB - HC- 
npeMeHHBix pe3yjiBTaroB HHAyxu,HH, h 
BB my}XAeH 6 biji npeAJi05XHTB hm Ha 3a- 
MeHy - axcnoMBi. Hx «hcthhhoctb» oh 
yTBepAHJi bo «Btopoh aHajiHTHxe» (m. 

18) nocpeACTBOM «6 c30hih6ohhoh» hh- 
TyHAHH? A «HepyiHHMBIMH» npaBHjiaMH 
AeAyKAHH rapaHTHpOBaHHO bbiboahji 3a- 
xjHOHeHHn, He ycTynaioiAHe no «hcthh- 
hocth» axcnoMaM ! YnpaBHjicn! 3 to 6biji 
3HaHHTeJIBHBIH «HiaT Ha3aA» OT nOJIHO- 
AeHHOTO HHAyXTHBHO-AeAyKTHBHOTO 
AHajiexTHHecxoro MeTOAa njiaTOHa x 
noBepxHOCTHOMy cyry6o AGAyKTHBHOMy 
MeTOAy - eAHHCTBeHHOMy HaAe5XHOMy 
MeTOAy nojiyHeHH^ Hcthhbi 6ojibhihh- 
CTBa ApeBHerpeHecxnx $hjioco({)ob, h 
TO - npH yCJIOBHH, HTO QTO npeAIIOCBIJIXH 
6 bijih hcthhhbimh! npHHeM, 6ojiBHiyio 
HcTHHy, neM b npeAnocBuixax - hobbic 
3HaHH^ - nOJiyHHTB 6BIJIO HCB03M05XH0, 
a MeHBinaa - nouBjnuiacB caMa npn Ma- 
jieiiHiHx norpeniHOCTax b AOxa3aTejiB- 
CTBax! 

fl,a)xe «MeTa$H3Hxa» ApncTOTe- 
jih Been CBoeii cyTBio y>xe AOxa3BiBajia, 
hto no3HaBaeMOCTB BemeH noBBimaeTCn 
TOJIBXO yMeHBHieHHeM 3HaHHH O «MaTe- 
pHH» H yBeJIHHeHHeM 3HaHHH O «(j)Op- 

Me»! npHBeAeM OAeHxy B. Paccejia [3, 
tji. XXII, c. 152]: ««Cy6cTaHipni», ecjin 
npHHHMaTB ee BcepBe3, BBi3BmaeT He- 
npeoAOJiHMBie TpyAHOCTH. npeAnojiara- 
eTCa, HTO Cy6CTaHAH^ - 3TO HOCHTeJIB 
CBOHCTB, HCHTO OTJIHHHOC OT BCCX CBOHX 
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CBOHCTB. Ho KOiyja MBI OT6pOCHM CBOH- 
CTBa h nonpo6yeM BOo6pa3im> cyOcTaH- 
ijhio caMy no ce6e, mbi yOmxjjaeMCii, hto 
ot Hee Hnnero He ocTanocB... O^hhm 
cjiobom, noH^Tne «cy6cTaHi^na» - 3 to 
M eTa$H3HnecKaa omn6Ka, xoTOpon mbi 
o6n3aHBi nepeHOcy b CTpyKTypy MHpa 
CTpyKTypBi npefljio)iceHH5i... Y ApncTO- 
Tena ecTB ^ecuTB xareropHH: cyOcTaH- 
imu, KOJinnecTBO, xanecTBO, OTHOineHne, 
MecTO, BpeMn, nojio)KeHHe, cocTomnie, 
^encTBne n CTpa^aHne. fl,aeTCn tojibko 
e^HHCTBeHHO e onpeAejieHne «xarero- 
pnn»: 3 to «BBipa5xeHHn, KOTOpBie hh b 
K oen Mepe He 03Hanai0T nero-TO cjio)x- 
Horo», - a 3areM cjie^yeT BBimenpHBe- 
AeHHBiii cnncoK. CyTB 3Toro onpe^e- 
JICHHH, nO-BH^HMOMy, Ta, HTO K2LHKJIOQ 
cjiobo, 3HaneHHe KOTOporo He cocTaBjie- 
ho H3 3HaneHHH Apyrnx cjiob, 03HanaeT 
CymHOCTB, HJIH KOJIHHeCTBO, HJIH HTO- 

jih6o eme. HeT yxa3aHHH Ha xaxoH-jm6o 
npHHIJHn, Ha OCHOBaHHH KOTOporo 6biji 
cocTaBjieH cnncoK H3 ^ecirra xarero- 
pHH. . . Hto HMeHHO no/jpa3yMeBaeTC5i 
nojs, cjiobom «xaTeropmi» y ApHCTOTe- 
jhi, y KaHTa h y Terejia, n, npH3HaTBCn, 
HHKor^a He 6biji b coctouhhh nomm>. 
ft JIHHHO He BepIO, HTO 3TOT TepMHH MO- 
hkqt b xaxoH-jm6o Mepe 6bitb nojie3eH 
B c|)HJIOCO(|)HH, KaK npeACTaBJHHOHIHH 
acHyio H^eio. B 3axjnoneHHe cxa>xy, hto 
^OKTpHHBI ApHCTOTeJIH, KOTOpBIMH MBI 
3aHHMaJIHCB B 3TOH DiaBe, nOJIHOCTBIO 
JI05KHBI, 3a HCKJIIOHeHHeM (JlOpMaJIBHOH 
TeopHH CHjuiorH3Ma, He HMeiomeii 6ojib- 
rnoro 3HaneHHa. B Harnn ^hh jiio6oh ne- 
jiOBeK, KOTOpBin 3axoTeji 6bi H3ynaTB jio- 
rnxy, noTpaTHji 6bi 3pa BpeMn, ecjin 6bi 
CTaji HHTaTB ApncTOTejia hjih Koro-jinGo 
H3 ero yneHHKOB... £ByxTBicnHejieTHee 
H,apCTBOBaHHe JIOrHKH ApHCTOTCJBI 
CAejiajio oneHB Tpy^HBiM ee CBep^xemie 
c TpOHa. B TeneHne Been hoboh snoxn 
npaKTHnecKH xa^BiH ycnex b Hayice, 

JIOrHKe HJIH (|)HJIOCO(J)HH npHXOAHJIOCB 
BBIpBIBaTB 3y6aMH y COnpOTHBJMBIHHXCII 
nocjie^OBaTejieH ApHCTOTejia». npocTH- 
Te, 3to - y Bac? 

Tax HCKOpe5KHB «TeOpHIO H£eil» 
njiaTOHa, ApncTOTejiB /ma c nojiOBH- 
hoh TBicaHejieTH^ CBoen «MaTepHeii» h 
«(J iopMOH» Ha MecTe mieajiOB «boahji 3a 
hoc» (J)hjioco(J)ob, MaTeMaTHKOB h Bcex 
HCCJieAOBaTejien npHpom>i. H ceromra 
b aHrji05i3BiHH0H jiHTepaType «TeopHio 
Hfleii» njiaTOHa npHHaTO nepeBO^HTB 
«theory of forms», Tax xax h H^eio- 
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«3H^oc» njiaTOHa, h Hfleio-«(J)opMy» 
ApHCTOTejia npHHUTO nepe/maaTB o^hhm 
T epMHHOM - «forms». Ecjih b TepMHHax 
Taxne pyHHBi, to b co#ep5xaHHH yneHmi 
njiaTOHa nocjie nepecxa30B ApHCTOTejm 
- BBI5X5XeHHaH 3eMjia! 

A «no^apxoM» ot ApncTOTejia CTa- 
jia BTOpan npo6jieMa Hmayximm Haifra 
He xoHenHyio HcTHHy (mmyximeii, xax 
6 bijio, no CoxpaTy), a OecxoHenHBie 
rnarn x HcTHHe (axcHOMamxoH, xax 
CTajio, no ApHCTOTejno)! OTCio^a - npo- 
6jieMa oxoHnaTejiBHoro onpeflejieHHn 
MaTeMaraxH, ee ocHOBamrii h mhoto 
hhbix «Hepa3peuiHMBix» npo6jieM! 
[3,c.l79]: «3 tot mar ApHCTOTejm npn- 
Beji He tojibxo x 3a6BeHHio njiaTOHOBa 
H^eajiH3Ma, a h x yna^xy 4 )hjioco(J)hh, 
xax MeTO^a noncxa Hcthhbi, pa3£po- 
6jieHHio ee Ha Mejixne h jxslukq Mejion- 
HBie eeXTBI, H JXSLUKQ X nOJIHOMy OTXa3y 
ot noncxa Hcthhbi CxenTHii,H3MOM, 
BBIpOCHIHM B Axa^eMHH nOCJie CMepTH 
njiaTOHa! noiHjia Mo^a Ha pa3HBie (jrn- 
jiococJihh. H 3to ecTecTBeHHO, Tax xax 
Bee ohh 6bijih jio)xhbl 3to Haxa3aHHe 3a 
OTxa3 ot CTpeMjieHHn x HcTHHe! noTOMy 
h HacTynHji yna^ox BceMy «^peBHerpe- 
necxoMy»!». 

«H xot a ApncTOTejiB npOHHi^arejiB- 
ho npocjie^Hji pa3BHTne H^eH H3 onBiTa, 
He MeHee BepHO, hto oth H^en (oco6eH- 
ho TaM, r^e ohh ^ajiBme Bcero y^ajie- 
hbi ot onBiTa) npeBpamaiOTca, b xoHi^e 
xohi^ob, h 3 jiorHnecxoro npo^yxTa ne- 
jiOBenecxoH mbicjih b Henoepe^CTBeH- 
Hoe npe^HyBCTBHe CBepxnyBCTBeHHoro 
MHpa, b o6bcxt HHTejuiexTyajiBHOH hh- 
TyHii,HH» [4, p. 204]. KaxoB 3 tot o6bcxt? 

3a cboh ornnOxn ApncTOTejiB y>xe 
He OTBeTHT. Ho xax 6 bitb c TBicanaMH 
TBican Apyrnx HCCJie^OBarejieH, npo^oji- 
5XaK)HIHX CJienO BTOpHTB H yMH05XaTB 
omnOxn ApHCTOTejm? 3 to o Bac? 

Hepe3 ^Be tbichhh jieT nocjie peme- 
hhh njiaTOHa B03HHXjia eme h TpeTBa 
npoOjieMa HH^yxijHH, oxoHnaTejiBHO 
^yH^HpOBaHHaa IOmom [5]: «Mo)xeM 

JIH MBI CHHTaTB HCTHHHBIM paCnpOCTpa- 
HeHne nacTHoro onBiTa Ha CTpyxTypy 
Been cncTeMBi b ijejiOM?». H ^o HacTO- 
miiero BpeMeHH Taxne omnOxn co3AaiOT 
noHBy jiJia cxenTHHecxHx comhchhh bo 
B een eoBOxynHOCTH HejiOBenecxHx 3Ha- 
hhh. nejiOBenecTBO bhobb BnjiOTHyio 
no^omjio x HenoH^THOMy «MexaHH3My» 
n03HaHH^ HOBOrO H Ha^OJITO OCTaHOBH- 

jiocb nepe^ hhm b HefloyMemiH. npaxra- 


xa npHpO^BI H 3BOJIIOII,HH ^OCTHTHyTOrO 
n03HaHH^ nOCTO^HHO no^cxa3BiBajiH 
bo3mo5xhoctb pai^HOHajiBHoro peme- 
hhh npoOjieM HH^yxi^HH, a HenoHOToe 
pemeHne njiaTOHa b «fl,Hajiorax» 6e3- 
OTBeTHO xpHnajio 06 3tom! Ho Bee no- 
nBiTXH «o6ohth» njiaTOHa 6 bijih hc- 
XJIIOHHTeJIBHO Hppai^HOHaJIBHBIMH, Tax 
xax npe^Jiarajin Ha MecTO njiaTOHOBBix 
H^eajiOB: «Bpo)x^eHHyio cxjiohhoctb», 
«HeopAHHapHyio choco6hoctb», «hh- 
TyHii,Hio», «3xcTpanojBmmo», «anpn- 
ophoctb», «MeTa$H3Hxy»... Bee Hamn 
HOBBie 3HaHHH OXa3BIBaJIHCB npOCTBI- 
MH «BepOBaHH5IMH», «3aXJIHHaHHHMH», 
«pejiHrH^MH», He nommiomHMHCii pa- 
i^HOHajiBHOMy o 6 ocHOBaHHio! Tynnx h 
6e3BICXO^HOCTB! 

He moukqt HHxaxoe xojmnecTBO 
xor^a-jm 6 o nepepacTH b HcTHHy! He 
MO)xeT HcTHHa hbhtbch HaM nocjie£OBa- 
TeJIBHBIMH ({)OpMaJIBHO-JIOrHHeCXHMHy- 
M03aXJH0HeHH«MH ! 

Oxa3BiBaeTCn, - HHor^a mojxct! Co- 
rjiacHO 6eccMepTHOMy BBicxa3BiBaHHio 
rajiHjiea: «HejiOBenecxHH pa3yM no3Ha- 
eT HexoTOpBie Hcthhbi ctojib coBepmeH- 
HO H C Taxon aOcOJIIOTHOH ^OCTOBepHO- 
ctbk), xaxyio HMeeT caMa npHpoAa»! Ho 
xax? 

nojiB3yncB HH^yxi^Heii, Hcejie^OBa- 
Tejin nocTO^HHO 3 aMenajiH: ee o 6 o 6 me- 

HHe 3HaHHH ^aBaJIO «HOBBie 3HaHH«», 
hcthhho ctb xoTOpBix npeBBimajia Bee 
npe^Brnymne 3HaHH^; 3axjnoneHHe, 
nojiyneHHoe Ha ocHOBe Hccjie^OBaHHn 
nacTHBix cjiynaeB, cyMMHpOBajio co^ep- 
5xamyioca b hhx HH(j)opMaipno, no3BO- 
jiaa o 6 o 6 mHTB ee h B 3 rji«HyTB c 6 ojiee 

BBICOXOH TOHXH 3peHH^. BOT HCCXOJIBXO 
npHMepOB. OHJI0C0({)BI-MaTeMaTHXH 
mxojiBi nn^aropa HH^yximeii MHornx 
nponopi^HH b rapMOHHnecxHx npOH3- 
Be^eHHHx BBmejiHjiH o^Hy (oTHomeHHe 
OojiBmen nacra x MeHBmeii paBHO ot- 
HomeHHio i^ejioro x OojiBmeii Hacra) h 
Ha3Bajin ee «30jiotoh 6o5xecTBeHHoii 
nponopi^Heii», «30 jiotbim ceneHHeM», 
«30 jiotbim hhcjiom»! TerejiB HH^yxi^Heii 
b yTBep 5 x^eHH^x o MHO)xecTBe yBH^eji 
«a6cTpaxTHBiii 3jieMeHT», He nopojx^a- 
eMBIH OnBITOM MH05XeCTBa H He BHOCH- 
MBIH HHTeJIJieXTOM HCCJICAOBaTeJIH, HO 

3acTaBjHiiomHH CHHTaTB ero hcthhhbim! 
Byp6axn HH^yxi^Heii3aMeTHji «nop05x- 
^aiomHe MareMaTHnecxHe CTpyxTypBi», 
3a npe^ejiaMH xotopbix pa3pacTajmcB 
eme 6ojiee cjio^chbic CTpyxTypHBie 06- 


pa30BaHH5i, pacKpBiji «pemaiomHe mo- 
MeHTti b nporpecce MaTeMaTHKH, Te 
noBOpOTBi B3rji;ma reHrni Ha TeopHiOB 
hobom HanpaBjieHHH, o6Hapy5XHBaio- 
meM CTpyKTypy, xoTOpaa, KaK Ka3ajiocB 
a priori, He Hrpaua TaM HHxaxoii pojiH»! 
3anaAHBie Hcejie^OBarejiH chctcmho- 
ro aHajiH3a HH^yxijHeH o6Hapy)KHjiH 
<OMep^>KeHTHOCTB» - npHo6peTeHHe ch- 
CTeMOH oco6bix cbohctb, HenpHcyn^Hx 
ee 3jieMeHTaM h jxslukq hx cyMMe 6e3 cb a- 
3eii CHCTeMBi! Ms^h xapaKTepH30Bajia 
HHflyKIJHK) OnpeaeJieHHBIMH «HHTyHTHB- 
hbimh ycTaHOBKaMH (beliefe)», (|)opMH- 
pyion^HMHca jxslukq Tor^a, Kor^a y cydB- 
eKTa eme He 6 bijio ^3bikobbix epe^CTB 
flJHI HX BBIpa5KeHH5l! Y 6oJIBHIHHCTBa 
Hccjie^OBaTejieH Taxne «yTBep)K£eHH5i» 
H «yCTaHOBKH» HH^yKI^HeH HaCTO npo- 
flBJHHOTCfl HeKOTOpOH HenOHflTHOH CH- 
JIOH, OHH Ha3BIBaiOT ee - «HHTyHH,HeH», 
CnoeobHOCTBK) K CBepHyTBIM yM03aKJH0- 
HeHHJIM 6e3 npOMOKyTOHHBIX o6ocho- 
BaHHH h ^OKa3aTejiBCTB! IIo nyaHKape, 
HH#yxijmi - «oco6eHHoe 3CTeTHHeexoe 
HyBCTBO», Ha OCHOBaHHH KOTOpOTO #e- 
JiaeTC5I BBIBO/J O rapMOHHH MQHKJXy MHO- 
}KecTBOM Hccne^yeMBix oGbcktob! no 
Kamy, HHflyxijHfl - «CHHTeTHHecKHe 
cy>K£eHH5i anpHOpH», 3HaHH5i #o onBiTa, 
«cy6BeKTHBHafl HCTHHa»! no nonnepy, 
HH^yKi^na - «rnnoTe3Bi», KOTOpBie 3aTeM 
npoBepaioTca hhbimh epe/jCTBaMH! Ha- 
KOHeu,, coBpeMeHHBie MaTeMaTHKH hh- 
AyxitHeii MH05KecTBa MHO>xecTB (6ecno- 
pa^OHHBix, ynopa^oneHHBix h jihhchho 
ynopa^oneHHBix) BBiflejiHjiH (totalement 
ordonne) - «BnonHe ynopa/jOHeHHoe 
MHO)KeCTBO», He npOCTO COe^HHeHHOe 
(hto He #ajio 6bi HHnero hoboto), a op- 
raHHHeCKH CKOMfiHHHpOBaHHOe OAHOH 
HJIH HeCKOJIBKHMH CB^3BIBaiOD3HMH eTO 
aKCHOMaMH ! OneBH^HO - Bee OTxpBiBa- 
JIH OflHO H TO 5Ke! Ho HTO? 

Htot npHBe^eHHBix (h mhotohhc- 
neHHBix HenpHBe^eHHBix) mhchhh: 
oxpy^xaiomeH Hac npHpo/je npncyma 
Hexaa rapMorora, xoTopaa decxoHeHHO 
npoaBjiaeTca bo BceM h Bcer^a! OcodeH- 
HO OHa CTaHOBHTCfl JIpKO 3aMCTHOH npH 
cpaBHeHHax, conocTaBjiemuix, ododnje- 

HH5IX OAHOpO^HBIX OnBITHBIX (JjaXTOB, 
Tax xax odjmTejiBHO BBixa3BmaeTca Ha- 
Be^eHHeM, npe/jBocxHmeHHeM pe3yjn>- 
TaTOB eme He Hccjie^OBaHHBix (jmxroB, - 
ABJHieTCfl HaM HenOH^THOH HHflyKI^HeH. 
nH^yxi^HeH rapMOHHH OTodpaixaeTca 
He TOJiBxo 3CTeTHHe ckhm omymeHHeM 


«npexpacHoro», He tojibko ocjoaeMBiM 
(J)H3HHeCKHM nOpa^KOM «CTpyKTypBI», 
HO - ^a^xe CJI05KHeHHIHMH MaTeMaTHne- 
ckhmh «3axoHaMH»! Hmchho, onupaacB 
Ha djiarocTHBie omymemra, ynopmto- 
HeHHOCTB H 3aKOHHOCTB, npOJIBJieHHBie 
HH^yxi^HeH, mbi ro chx nop rpaMOTHO 
pa3BHBaeM, 6e3oniH6oHHO npe£Cxa3BiBa- 
eM, y^anHO npe/jBoexHmaeM BecB npo- 
rpecc HayxH. Ho npH 3tom 3acjiy)xeHHO 
npeB03H0CHM HH^yxi^HK) - ee «Hepa3pe- 
hihmbimh» npodjieMaMn! A xax HHane? 
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C jie^yeT npaBHjibHO ucnojib30BaTb 
onpeAejieHHfl h pa3JiHHHBie yTBep}K- 
^eHua b ocHOBax MaTeMaTHKH, npoBepnn 
yejiOBmi, jioruKy u bbibo^bi. 

BcnoMHHaeM onpe^ejiemie KaHTO- 
pa: «MHO)icecTBO ecTB eodpamie KaxHx- 
jih6o pa3JiHHHBix oObcktob, o6pa3yio- 
hjhx HeuTO ifejioe» [2]. «Aea MHO^cecTBa 
HMeiOT nopOBHy ojicmchtob, eejiH mqhk- 
J]y HHMH M05KH0 yCTaHOBHTB B3aHMHO 
0^H03HaHH0e COOTBeTCTBHe». 

IlyaHKape micaji [4]: «MoryT jih 
odBiHHBie npaBHjia jiothkh npHMemm>- 
e a 6e3 H3MeHeHH5i b Tex ejiynanx, xor^a 
paCCMaTpHBaiOTCfl COBOKynHOCTH, co- 
Aep)KaniHe decKOHeuHoe hhcjio npe/f- 
MeTOB». Apyroii hctohhhk pa3HorjiacHH 
B03HHKaeT b cnocode noHHMaHHa onpe- 
^ejieHHH. Bchkhh pa3, Rax b 3toh cobo- 
KynHOCTH npHdaBjimoT HOBBie 3JieMeH- 
TBI, COBOKynHOCTB MeHneTCu. 

Ba5KHeiimHM otkpbithcm KaHTOpa 
CHHTaiOT TO, HTO 6eCROHeHHBie MHOace- 
CTBa pa3JIHHaiOTCa B ROJIHHeCTBCHHOM 
OTHOmeHHH. 3 t 0 pa3JIHHHe OH flOKa 3 BI- 
BaJI JXJlft MH05KCCTB fleHCTBHTCJIBHBIX H 
HaTypajiBHBix HHceji [2, 3]. 

MH05icecTB0 HaTypajibHbix HHceji 
onpejtejiaiOT c HcnojiB30BaHHeM nomrrmi 
«eAHHHifa» h onepauHH cjiojxeHHa (ao- 
daBjiemui). Mo)kho H3o6pa)xaTB «e£HHH- 
uy» apadcKHM hhcjiom «1» hjih b burq 
xaMymxa, paxymxH hjih necHHHRH Ha 6e- 
pery Mopa. J\m nojfcneTa Bcex necmmoR 
He xBaTajio BpeMeHH h CTajiH tobophtb, 
HTO MH05KeCTB0 HaiypaJIBHBIX HHCeJI 6ec- 
KOHenHoe, ho cneTHoe. Motjih 6bi cochh- 
TaTB, ho He xoneTca TpaTHTB chjibi. Ecjih 
3apaHee orpaHHHHTB ce6a, to nojiyHHM 
KOHeHHOe HHCJIO HaiypaJIBHBIX HHCeJI. 
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MH05KeCTB0 papHOHaJlbHblX HHCeJI 
nojiynaiOT c noMOiifBio onepaifHH «otho- 
meHne». Pe3yjiBTaT 3anHCBiBaiOT b BH^e 
jypo6u (oTHomeHHe HHCJiHTejia k 3HaMe- 
HaTejno). OKa3ajiocB, hto pa3HBie ^po6u 
MoryT eooTBeTCTBOBaTB o^HOMy 3Hane- 
HHK) C yneTOM ^eHCTBHH COKpameHHH 
O^HHaKOBBIX MH05KHTeJieil B HHCJIHTeJie 
h 3HaMeHaTejie. 3to ^eiicTBHe nenojiB- 
3yeT eme ojmy onepauHio - npe^CTaBjie- 
HHe HHCJia B BH^e npOH3Be^eHH5I COMHO- 

^cHTejieii h ^ajiBHeiimero eoRpamemra. 
Aee neTBepTH 3to ctojibko 5xe, ckojibko 
o^Ha BTOpaa, Kor^a mbi ^ejiHM nupor. 
B MaTeMaraxe 3to BepHO, mo)rho H30- 
6pa)xaTB hx o^hhm chmbojiom hjih tobo- 
Phtb o paBeHCTBe, a Taioxe H3o6pa5xaTB 
O^HOH TOHROH Ha HHCJIOBOH OCH. Ho MBI 

npoaojuxaeM tobophtb «mm> jteeaTBix 
HJIH ^Ba^ItaTB nUTB COTBIX», a TaK5Ke hc- 
nojiB30BaTB cneifnajiBHBie 3anucH Taxnx 
HHCeJI. 

TaxHM o6pa30M, npeACTaBjiemie 
MH05KeCTBa paifHOHaJIBHBIX HHCeJI B 
BH^e ^ByMepHoii deexoHeHHOH TadjiHifBi 
KaHTOpa hjih MaccHBa /fpodHBix hhccji 
BnojiHe onpaB^aHO. CpaBHeHHe jysyx 
MHOixecTB nojiynaeTCn B3aHMHO o/jho- 
3HaHHBIM B COOTBeTCTBHe C TCM aJITO- 
pHTMOM, KOTOpBIH npeflJI05RHJI KaHTOp 
[3]. Mbi M05xeM tohho cxa3aTB, no^ 
KaKHM HOMepOM B hobom cnHCKe (no- 
jiyneHHOM c noMomBio HaTypajiBHBix 
HHceji) 6y^eT eooTBeTCTByiomee hhcjio 
H3 TadjIHIfBI paifHOHaJIBHBIX HHceji H Ha- 
odopOT. Ha kslukjiom mare HOBaa ^naro- 
HaJIB TadjIHIfBI CO^ep5KHT Ha 0£H0 HHCJIO 
dojiBme. nojiynaeM apH(J)MeTHHecKyio 
npoipeccHio. J\jik odmero KOJiunecTBa 
HjieHOB, KOTOpBie y hkq nonajiu b enueoK 


Ha onepe^HOM mare, nojiynaeM hhcjio S 
= n(n+l)/2, KOTOpoe CTpeMHTca k 6ec- 

KOHeHHOCTH. 

TeopeMa KaHTOpa ^OKa3BmaeT paB- 
HOMOIIfHO CTB MH05KeCTB HaiypaJIBHBIX 
h paifHOHajiBHBix HHceji. EMy y^ajiocB 
TaK5Ke AOKa3aTB paBHOMOIIIHOCTB CHeT- 
Horo MH05KecTBa eneTHOMy eeMeiiCTBy 
CHeTHBIX MH05KeCTB. 

TeopeMa. Cnemnoe MHOJtcecmeo 
cmponeK unu cmojidijoe madnuijbi Kan- 
mopa daoice npu korux-yyio eo 3 MoofCHbix 
coKpaipeHunx npu ucKmonenuu paeuux 
nuceji U3 o 6 uje 30 Maccuea coomeem- 
cmeyem MHOJtcecmey nucen eceu madnu- 
ije no MoufHocmu. 

Mbicjichho npoifeee mojkho npo- 
^ojuxaTB ^o decKOHenHOCTH. TeopHu 
MHOixecTB KaHTOpa oxa3ajia yejiyrn 
mhothm, ho 3to 6bijio Tor^a, KOT^a OHa 
npHMeHajiacB k hcthhhoh npodjieMe. 

AjiaTHH b CTaTBe [1]., yTBepJK^aeT: 
«CTpoxa (cTOJideif) MaTpuifBi paBHO- 
MomHa Been MaTpHife b ejiynae, xor^a 
CTpoKH h CTOJidifBi MaTpHifBi npe^CTaB- 
jiHiOT codoii decKOHenHBie eneTHBie no- 
ejie^OBaTejiBHOCTH, hjih eneTHoe mho- 
5KecTBO paBHOMOiifHO eneTHOMy ceMeii- 
CTBy eneTHBix MH05KecTB». nojiyHaeTca, 
hto KaHTOpy y>Ke ^aBHO y^aiiocB ^o- 
Ka3aTB paBHOMOIIfHO CTB CHeTHOTO MHO- 
HcecTBa eneTHOMy eeMeiiCTBy chcthbix 
nOAMH05KeCTB. npH 3TOM OHCBH/fHO, HTO 
BCHKOe MH05KCCTBO dOJIBme HJIH paBHO 

jnodoro ero no^MHO^ecTBa. 

MHO)KeCTBO HppapHOHaJIbHblX 
HHceji nojiynaiOT e noMOiifBio onepa- 
h,hh B 03 Be^eHHa b /jpodHyio CTeneHB. 
HanpHMep, pe 3 yjiBTaT H 3 BjieneHHa KBa- 
ApaTHoro KOpHa H 3 HHCJia «^Ba» hjih 


«TpH» HCJIB3H npe^CTaBHTb B BH^e paiJH- 
OHaJIBHblX HHCeJI. 

«Ajire6panHecKHMH HHCJiaMH Ha- 
3tiBaiOT KopHH ajire6paHHecxHx ypaB- 
HeHHH C I^eJIBIMH X03(|)(j)HimeHTaMH. 
Heajire6paHnecKHe HHCJia Ha3BiBaiOT 
TpaHci^eH^eHTHBiMH. Ka>K^oe ypaBHe- 
HHe CTeneHH n HMeeT n xopHeil. Mho- 
}KecTBO Bcex ajire6paHnecKHx hhccji 
cneTHO» [2]. 

HcnojiB3yK)T tzljgk e noHUTHu h 
onpe^ejieHH^ ajih MHO>xecTBa pejibix 
HHcen, Kor^a ^ohojihhtcjibho nouBjin- 
CTC5I HHCJIO «0» H BBO^HTCa yMH05XCHHC 
Ha «-l» nojiyneHHfl OTpHijaTejiBHBix 
HHCeJI, HJIH TpaHCUeH^eHTHblX HHCeJI, 
KOTOpBie M05XH0 nOJiynaTB C nOMOHJBIO 
HeKOTOpBIX ApyrHX ^eHCTBHH. KaHTO- 
py yflajiocB ^oxa3aTB cymecTBOBamie 
TpaHCI^eH^eHTHBIX HHCeJI, He CTpOH HH 
o^Horo KOHKpeTHoro npHMepa Taxnx 
HHcen, a jihhib ncxomi H3 o6hjhx coo 6- 
pa)KeHHH. 

IlepeHHCJieHHBie BBirne MHO>xecTBa 
HHceji o6Be#HH;noT no# oGhjhm Ha3Ba- 
HHeM MH05KeCTBa ^eilCTBHTeJlbHblX 
HJIH BeipeCTBeHHblX HHCeJI. HHX 

HcnojiB3yiOT eflHHyio (jjopMy 3anncH b 
^ eCOTHHHOH CHCTeMe CHHCJICHHH B BH^e 
HHCJia C 6eCKOHeHHBIM HHCJIOM 3HaKOB 
nocjie 3an^TOH. «Ka)X£oe achctbhtcjib- 

HOe HHCJIO M05XH0 npe^CTaBHTB B BH^e 
6ecKOHeHHOH flec^THHHOH £po6n. HeKO- 
TOpBie H3 HHX, KaK TOBOpUT, J^aJKe HMe- 
K)T no jibq (jjopMBi 3anHCH, HanpHMep: 

0,5000... h0,4999...» [2]. 

PaBeHCTBO HHceji 0,5 h 0,4(9) ycjiOB- 
Hoe, nojiynaeTCn b npe^ejie, xor^a pa3- 

HOCTB MQHKJXy HHMH CTpCMHTCH K HyjHO. 
Ho 3to pa3HBie ^eiiCTBHTejiBHBie HHCJia. 
O/mo H3 hhx nocjie coKpameHHn co- 
Bna^aeT c paimoHajiBHBiM hhcjiom 1/2, 
a Apyroe tojibko CTpeMHTCn k TaxoMy 
3HaneHHio. 

«npaBOMepeH Bonpoc: xaxnx hhccji 
60 JIBHie - paiJHOHaJIBHBIX hjih Hppaimo- 
HBJIBHBIX? » [1]. 

AjiaTHH b CBoen pa6oTe yTBep}x- 
^aeT - «O^HH H3 B03M05KHBIX OTBCTOBI 

nocKOJiBKy Mox/jy /myMn jho6bimh pa- 
H,HOHaJIBHBIMH HHCJiaMH MO)XHO yxa3aTB 
HHCJIO pai^HOHaJIBHOe H Hppai^HOHaJIB- 
Hoe, a Mox/jy /myMn jho6bimh Hppaim- 
OHaJIBHBIMH HHCJiaMH - HHCJIO pai^HO- 
HajiBHoe h Hppai^HOHajiBHoe, o6a 3 thx 
MH 05KeCTBa CJie^yeT npH3HaTB HCCHCT- 
HBIMH». npOBepHTB 3TO yTBep5X£CHHe 
jierxo, ho bbibo£ c^ejiaH He Taxon, xax 


cjieflOBajio 0)XH^aTB. npaBHjiBHee 6 bijio 
6 bI npH3HaTB paBHOMOHUHO CTB 3THX 
MH05XeCTB, HO BBTOp npOXOflHT MHMO Ta- 
XOTO CBOHCTBa. 

CaMBIH npHHI^HnHaJIBHBIH BOnpOC o 
MOH3HOCTH HHCJIOBBIX MHO)XeCTB! 

TeopeMa (EKaHTOp). «MHOjfcecmeo 
ecex moneK ompe3Ka [0, 1] HecHemno». 

MH05XeCTBa, 3XBHBaJICHTHBie mho- 
}xecTBy Tonex OTpe3xa [0, 1], Ha3BiBaiOT- 
CH MHO)XeCTBaMH MOII/HOCTH KOHTHHyy- 
Ma. HMeeTCn b BH/jy, hto xa>x^aa Tonxa 
OTpe3xa H3o6pa)xaeT CBoe /jchctbhtcjib- 
Hoe hhcjio, xoTOpoe onpeAejiaeTCn no 
onpe^ejieHHBiM npoije/iypaM. npn 3tom 
MH05XeCTBO TOHCX 3anOJIH5ieT OTpe30X 
BCKwy njiOTHO h HenpepBiBHO. flpyrnx 
TOHCX H COOTBCTCTByiOmHX HHCeJI HCT. 

Ho nyaHxape cnpaiHHBaeT [4]: «EloHe- 
My mohuhoctb xoHTHHyyMa He Taxaa >xe, 
xax H MOHUHOCTB I^CJIBIX HHCCJI?». 

KaHTOp npH^yMaji ohchb ocTpoyM- 
hbih cnoco6, hto6bi ^oxa3aTB hcchct- 
hoctb MHO)xecTB [2]. Cboc AOXa3aTCJIB- 
CTBO KaHTOp nOCTpOHJI OT npOTHBHOTO, 
xax 3 to jiioOaT MaTeMaTHXH, onpoBepraa 
OAHHM MaXOM HJIH npHMepOM CBOC 5Xe 
nepBOHanajiBHoe AonymeHne. npeAno- 
JI05XHM HaJIHHHe npOHyMCpOBaHHOTO 
cnncxa Bcex AeHCTBHTeJIBHBIX HHCeJI, 
Haxo^amHxca b HHTepBajie [0, 1]. 3 th 
HHCJ ia npe^CTaBHMBi b BH^e OecxoHeH- 
hbix Aec^THHHBix ^po6eii b fc . Pai^HO- 

HaJIBHBIM HHCJiaM ^JI3 3TOTO npHHIJIOCB 

^oOaBHTB OecxoHeHHoe hhcjio Hyjieii, 
HaHHHan c onpe^ejiCHHoro 3Haxa nocjie 
3anHToii, hjih nepHOAHnecxH noBTOpnio- 
mneca rpynnBi i^H({)p. 

3aTeM KaHTOp npe#ji05XHji cocTa- 
bhtb eme ojjHy OecxoHeHHyio ^ccothh- 
Hyio apo6b b BH^e HHCJia «, y xoTOporo 
nepBBiii 3Hax nocjie 3an«TOH OTjiHHaeTCn 
ot nepBoro 3Haxa nocjie 3anjiTOH ^jia 
nepBoro HHCJia b v BTOpon 3Hax otjih- 
HaeTCn ot BTOporo 3Haxa rjik BTOporo 
HHCJia b 2 h ^ajiee ^o 6 ccxohchhocth. 
nojiyneHHoe hhcjio He coBna^aeT hh 
c o#HOH AecuTHHHoii jsjpodbio H3 npe#- 
CTaBjieHHoro paHee cnncxa, nocxojiBxy 
Ha O^HHaXOBBIX n03HI^H«X CTOHT pa3HBie 
ipnjjpBi. H3 3 toto cjie^yeT, HTO nojiyHeH- 
Haa ^po6x He bxo^ht b npOHyMepOBaH- 
HBIH CnHCOX HHCeJI. CjieflOBaTeJIBHO, 3TO 
MH05XeCTBO He aBJI^eTCH CHeTHBIM. no- 
jiyHHjin npOTHBOpenHe. 

3^eCB M05XHO BBIpa3HTB COMHCHHC B 
npaBHjiBHOCTH HanajiBHoro TpeOoBaHH^, 
hto Bee AencTBHTejiBHBie HHCJia y>xe 
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BXJIIOHeHBI B OXOHHaTeJIBHBIH CnHCOX, 
xoTOpBiii no onpe^ejiCHHio He MO)xeT 
6BITB 3aXOHHeH. EcJIH C(j)OpMHpOBaJIH 
BeCB CnHCOX HHCeJI C OeCXOHeHHBIM hhc- 
jiom 3HaxoB nocjie 3an^TOH, to noneMy 
hoboto HHCJia a hct b 3tom cnncxe. Mo- 
)xeT 6 bitb, mbi npocTO He ycnejin Hero 
£o6paTBCn, npocMaTpHBan cboh cnncox. 
noneMy Bee peninjin, hto (JjopMHpOBa- 
Hne cnncxa y>xe 3axoHHeHO h ero y>xe 
npoHHTajin ^0 xoHi^a? Be^B 3 to 6ecxo- 
HeHHBiii npoi^ecc! 

Bee BemecTBeHHBie HHCJia oco6eH- 
HBie h pa3HBie. Y hhx OTjiHHaeT cn xot a 
6 bi o^Ha i^H(j)pa b 3anncH npn accothh- 
HOH CHCTeMe CHHCJieHHU. ^JIH Toro, HTO- 
6bI CpaBHHTB HHCJIO CO BCCMH ^pyTHMH, 
noTpeOyeTCn bbictpohtb Bee HHCJia b xa- 
xom-jih6o nopa^xe, npoiiTH b^ojib CTpon 
h ^oxa3aTB hjih noBepHTB, hto Harnero 
HHCJia TaM eme hct. 3aMeHaTejiBHo! 

AjiaTHH yTBep)X£aeT: «B3anMHO-OA- 
H03HaHHOCTB OTo6pa5xeHH« npe^nojiara- 
eT HajiHHHe HexoTOporo othohichh^ no- 
pmjxa b o6ohx MHO)xecTBax». fl,jia mho- 
5xecTB 3 to He Tax. Ecjih mbi nepecHHTBi- 
BaeM MH05XeCTBO xopoB hjih 6apaHOB 
CTa^a, ohh MoryT xa3aTBca o^HHaxoBBi- 
mh, ho xa>x£OMy npHCBoeH cboh HOMep 
BHe 3aBHCHMOCTH OT pOCTa, BCCa, I^BeTa 
hjih pa3Mepa. rjiaBHoe, b xaxoM nopn^xe 
ohh bxo^hjih b 3aroH mifl perncTpai^HH. 
KaHTOp npeaJioiXHji Taxon yao6HBiH aji- 
ropHTM yneTa aji^ paijHOHajiBHBix hhccji 
h ony6jiHxoBaji CBoe £Oxa3aTejiBCTBO. 

rtonBITXH CpaBHHTB pai^HOHaJIBHBie, 
ajire6paHHecxHe hjih flencTBHTejiBHBie 
HHCJia, hto6bi onpe^ejinTB, xaxnx hh- 
ceji 6y^eT «6 ojibhic» - nepHOAHHecxHx 
Aec^THHHBix ^po6eii (^jia 3anncH pai^H- 
OHaJIBHBIX HHCeJl) HJIH npOH3BOJIBHBIX 

AeiiCTBHTejiBHBix HHceji, xoTopBie npe^- 

CTaBJBIIOTCH AeCOTHHHOH HenepHO^HHC- 
CXOH ^po6BK), HT06 bI nOJiyHHTB HOBBie 
^oxa3aTejiBCTBa hjih onpOBep5xeHHn 
npo^ojnxaiOTca [1, 2, 5, 6]. Mhoto 6bijio 
npmayMaHO xpacHBBix h xax 6 bi npo- 
CTBIX HCTOpHH, XOTOpBie ^OJHXHBI 6 bIJIH 
AeMOHCTpHpOBaTB npaBHJIBHBIH no^xofl 
b TeopeMe KaHTOpa. 

B cbok) onepe^B npejyiaraio cjie^y- 

lOmHH ajiropHTM, XOTOpBIH n03BOJIHT 
cpaBHHBaTB mohuhoctb Bcex HaTypajiB- 
HBIX, paiJHOHaJIBHBIX, Hppai^HOHaJIBHBIX, 
ajire6paHHecxHx, TpaHcneHaeHTHBix h 
^ encTBHTejiBHBix HHceji, hto6bi onpe^e- 
JIHTB, xaxnx HHceji 6oJIBHie. 

BbiGnpaeM cjiynaiiHBiM o6pa30M H3 
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MH05KeCTBa AeHCTBHTeUBHBIX HHCeJI Ha 
0Tpe3Ke [0, 1] jiio6bie AecuTb TaKHx hh- 
ceji «, KOTOpBie HanHHaiOTca nocne 3ami- 
TOH COOTBeTCTBeHHO IJH(})paMH OT 0 RO 
9. rtpHCBOHM 3THM HHCJiaM HOMepa OT 1 
AO 10. OTMenaeM oth nncjia TOHKaMH Ha 
OTpe3Ke. 

Ecjih ocTajiBHBie AmjjpBi onpeAe- 
juhotch Kax 0 b nepHOAe, to npn AaJiB- 
HenmeM (JjopMHpoBaHHH cnncKa 6yAyT 
BCTpenaTBca noBTOpHO y hkq OTMeneH- 
HBie tohkh Ha OTpe3Ke. EyAeM CTporo 
OTCJIOKHBATB OHepeAB H He yHHTBIBATB 
b cnncKe TaKHe tohkh noBTOpHO. ripn 
3 tom b cnncoK 6yAyT nonaAaTB tojibko 
paAHOHajiBHBie nncjia. EyAeM ao6pbimh 
h HanHeM (j)opMHpoBaTB o6iahh CnHCOK, 
BBiOnpaa cjiyHaiiHBiM o6pa30M jho6bic 
tohkh Ha Hy)KHOM ynacTKe. B TOM HHC- 
jie TaKHe tohkh, KOTOpBie onpeAejraiOT 

V2 n 

nncjia — «0,7071 hjih — -0,7853. 
2 4 

3AecB yKa3aHBi nepBBie neTBipe ip«j)pBi 
nocne 3an«TOH. npeAnojiaraeM, hto Bee 
OCTaJIBHBie AH(J)pBI TaK5Ke H3BeCTHBI H 
M05KeM HX npOBepHTB npH 5KeJiaHHH. 

Ha cjieAyiOHieM mare HaM Hy^cHO 
BBlOpaTB HHCJia, KOTOpBie Ha BTOpOM Me- 
CTe nocne 3amiTOH hmciot nncjia ot 0 a o 
9. Ho CAejiaTB 3to Hy^cHO ajih KaacAoro 
npeABiAymero nncjia. KaKaa-TO BTopaa 
iAujjpa y>Ke 6Buia. TaKHM o6pa30M, Ao6a- 
bhtcii eme acbjitb BapnaHTOB npn 3aMe- 
He AH(j)pBI Ha Hy^CHOM MeCTe. npH 3TOM 
Ka5KAoe OTMeneHHoe paHee b cnncKe 

HHCJIO npHXBaTBIBaeT AOnOJIHHTeJIBHO 
Bcex CBOHX «6jIH3KHX pOACTBeHHHKOB», 
eoxpamni Bee ocTajiBHBie AmjjpBi. 

Htoto nojiynaeM bo3mo)khoctb npo- 
HyMepOBaTB nepBBie cto nnceji H3 Ha- 
mero MHO^cecTBa. npOAOJDKaa npoije- 
Aypy, 6yAeM nojiynaTB Ha ka>kaom mare 
b Aec^TB pa3 OojiBme AeiicTBHTejiBHBix 
nnceji, KOTOpBie mo}kho nepecHHTaTB 
hjih 3anncaTB b o6iahh cnncoK, to ecTB 
nOCTaBHTB HM B COOTBCTCTBHe KOHCHHOC 
HHCJIO HaTypaJIBHBIX HHCeJI 10". npOAOJI- 
}Kaa TaK AO 6eCKOHeHHOCTH, MBI MOUKQM 
nepeOpaTB Bee AeiicTBHTejiBHBie nncjia, 
KOTOpBie mbi npeACTaBjnieM AecaraHHOH 
OecKOHeHHoii apo6bio H3 OTpe3Ka [0, 1]. 
nojiynaeM bo3mo>khoctb conocTaBHTB 
hm 6ecKOHeHHoe hhcjio HaTypajiBHBix 
nnceji, coOnpaa Bee 3JieMeHTBi reoMe- 
TpHnecKOH nporpeccHH. CpeAH nocTpo- 
eHHoro 6ecKOHeHHoro MHoacecTBa Aen- 
CTBHTeJIBHBIX HHCeJI 6yACT HaXOAHTBC^ H 
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TO HHCJIO, KOTOpOe He 3aMeTHJI KaHTOp 
npn AOKa3aTejiBCTBe ot npoTHBHoro. 
npH BBiOope jiio6oro nncjia BcerAa mouk- 
ho yxa3aTB, b KaKoii nacTH cnncKa ero 
mo}kho HaiiTH, ecjiH ohchb nocTapaTBCn 
h nepeOpaTB Bee AH(j)pBi nocjie 3amiTOH. 

AjiropHTM nopo)KAaeT «poaocjiob- 
Hoe AepeBO» npn (jiopMHpOBaHHH o6me- 
ro cnncKa Bcex nnceji. Ecjih BHanajie 
b3otb Apyrnx «pOAHTejieii», to nojiyHHM 
Apyroii cnncoK, kotopbih TaK)Ke 6yAeT 
«eo BpeMeHeM» oxBaTBiBaTB Bcex. npa- 

BHJIBHee 3TO Ha3BaTB KyCTOM, KOTOpBIH 
nopo)KAaiOT nepBBie agcotb noOeroB. 
Ha HHX BBipacTaiOT bctohkh, jihctohkh, 
noHKH. Ohh 6pocaiOT ceMeHa Ha HameM 
o6meM oropOAe (oTpe3Ke), KOTOpBie 
npopacTaiOT hobbimh noOeraMH. 

B TaKOM cjiynae cnpaBeAJiHBBi yr- 
Bep)KAeHHa. 

TeopeMa 1. Mnoofcecmeo ecex deu- 
cmeumejibHbix nucen U3 ompe3Ka [0, 1] 
coomeemcmeyem MHOcucecmey namy- 
paubHbix Hucen, mo ecmb cnemnoe. 

TaKHM o6pa30M, MBI CM05KCM yBH- 
AeTB b CBoeM cnncKe ono3AaBinero 6a- 
paHa, KOTOpBIH npHKHABiBajica obchkoh 
hjih yTBep)KAaji, hto oh BOo6me H3 
Apyroro CTaAa h ero He haao brjiiohatb 
b o6iahh cnncoK, a TaK^ce mhothx ero 

pOACTBeHHHKOB. 

TeopeMa 2. Mnootcecmeo ecex deu- 
cmeumejibHbix nucen Re.memcR cnem- 
hum MHOJicecmeoM cnemnbix MHOJtcecme 
ompe3Koe [k, k+1] u coomeemcmeyem 
MHOJicecmey HamypajibHbix nucen, mo 
ecmb cnemHoe. 

npocTO Hy>KHO npaBHjiBHO opraHH- 
30BaTB npOAecc yneTa TaKoro 3aMena- 
TejiBHO OojiBmoro MHO^cecTBa npn co- 
CTaBjieHHH o6mero cnncKa h noAoOpaTB 

XOpOIHHX nOMOIAHHKOB. 

TeopeMa 3. MHOJtcecmea Hamypajib- 
Hbix, paijUOHaJlbHblX, UppaijUOHaJlbHblX u 
deucmeumejibHbix nucen coomeemcmey- 
10 m no MoufHocmu dpye dpyey. 

MHO)KeCTBO Bcex AOHCTBHTeJIBHBIX 
nnceji coAep)KHT yKa3aHHBie OecKOHen- 
HBie noAMHO)KecTBa h onpeAejiaeT HOBoe 
KanecTBO Rim Bcex tohck Ha OTpe3Ke, ko- 
TOpOe Ha3BIBaiOT KOHTHHyyM. 3to He- 
npepBIBHOCTB MH05KeCTBa TOHeK. 

TeopeMa 4. Meoicdy jho6umu deyMR 
deucmeumejibHbiMU nucnaMU modkjho 
H aumu dpyeue deiicmeumejibnue nucjia. 

Bee AOKa3arejiBCTBa cjieAyiOT H3 
npHBeAeHHoro ajiropHTMa h comhchkh 
b yTBep)KAeHmix TeopeM KaHTOpa, ko- 


TOpBie noHBHjincB nocjie htchh^ paOoTBi 

[i]. 

Teopmi MHO)KecTB KaHTOpa 6Buia 
BOCnpHHOTa COBpeMeHHHKaMH HaCTOJIB- 
ko HejiorHHHoii, napaAOKcajiBHOH h mo- 
KHpyiomeH, hto HarojiKHyjiacB Ha pe3- 
Kyio KpHTHKy MaTeMaTHKOB, B HaCTHO- 
cth, KpoHeKepa h nyaHKape [4]. Pe3Koii 
KpHTHKe npOTHBOCTOflJIH BCCMHpHaa H3- 
BecTHOCTB, OAo6peHHe h Aa>Ke HarpaABi. 
KaHTOpy h ero CTop OHHHKaM npHHaAJie- 
5KHT MHOrO HHTepeCHBIX yTBep)KAeHHH, 
hto no3BOjmjio nojiyHHTB AaJiBHeiimee 
pa3BHTHe TeOpHH H pa3JIHHHBIX npHJIO- 
5KeHHH. Oh 3acjiy)KHji HarpaABi. 

EyAeM }KAaTB KpHTHKy hjih OAo6pe- 
Hne HOBoro ajiropHTMa h TeopeM. 

M05KHO npOAOJDKHTB aHaJIH3 H 

cpaBHeHHe moiahocth aji^ mho^cctba 
KOMnjieKCHBIX HHCeJI, KOTOpBie M05KHO 
H306pa5KaTB TOHKAMH Ha njIOCKOCTH, 
hjih KBaTepHHOHOB, KOTOpBie npHAyMaji 
TaMHjiBTOH. Ohh OKa3ajiHCB He npocTO 
(J)aHTa 3 HeH MaTeMaTHKOB, a no3AHee no- 
jiyHHjin pa3BHTHe h npHMeHeHHe. 

References: 

1. Alatin S.D. O strukture 
racional’nyh chisel [On the structure 
of rational numbers]., Sbomik statej 
konferencii «Nauka vchera, segodnja, 
zavtra» [Collection of articles of the 
« Science yesterday, today, tomorrow» 
conference]., No. 11(17). - Novosibirsk., 
«SibAK», 2014. pp. 6-12. 

2. Vilenkin N.Ja. Rasskazy o 
mnozhestvah [Stories about sets]. - 
Moscow., «Nauka», 1965. - 128 p. 

3. Kantor G. Trudy po teorii 
mnozhestv [Works on the theory of sets]. 
- Moscow., Nauka [Science]., 1985. - 
431 p. 

4. Puankare A. O nauke [About 
science]. Perevod s fr., Pod red. L.S. 
Pontrjagina [Translation from French 
edited by L.S. Pontrjagina]. - Moscow., 
Nauka [Science]., 1990. - 736 p. 

5. Korolev V.S. Kak peresehitat’ 
vse dejstvitel’nye ehisla: kommentarii k 
dokazatel’stvam teorem Kantora [How 
to count all real numbers: comments 
on provings of Cantor’s theorems], 
Estestvennye i matematieheskie nauki 
v sovremennom mire [Natural and 
mathematical sciences in the modem 
world]. - Novosibirsk., «SibAK», 2015. 
-No. 1(25)., pp. 24-31. 


GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 


6. Baker Matthew. Uncountable 
Sets and an Infinite Real Number Game. 
Mathematics Magazine, 2007. pp. 377- 
380. 

JlHTepaTypa: 

1. AnaTHH C.,Zf. O CTpyKType pa- 
IJHOHaJIbHblX HHCeJI., CfiopHHK CTaTefi 
KOH^epeHi^HH «HayKa Bnepa, cero^M, 
3aBTpa», N° 11(17). - Hoboch6hpck., 
«Ch6AK», 2014. c. 6-12. 

2. BnjieHKHH HJI. PaccKa3bi o mho- 


}KecTBax. - MocKBa., «Hayica», 1965. - 
128 c. 

3. KaHTOp T. Tpy^bi no Teopnn mho- 
}KecTB. - MocKBa., Hayxa, 1985. - 431 c. 

4. nyamcape A. O Hayxe. IlepeBO^ 
c (|)p., no^ pe^. JI.C. IIoHTpflrHHa. - 
MocKBa., Hayxa, 1990. - 736 c. 

5. KoponeB B.C. Kax nepecHHTaib Bee 
^encTBHTejibHbie nncjia: KOMMeHTapnn k 
£OK a3arejibCTBaM TeopeM KaHTOpa., EcTe- 
CTBeHHbie n MaTeMamnecKHe Hayicn b co- 
BpeMeHHOM MHpe. - Hoboch6hpck., «Ch- 
6AK», 2015. -JNfo 1(25). c. 24-31. 


6. Baker Matthew. Uncountable 
Sets and an Infinite Real Number Game. 
Mathematics Magazine, 2007. pp. 377- 
380. 

Information about author: 

1. Vladimir Korolev - Candidate 
of Mathematics and Physics, 

Associate Professor, Saint Petersburg 
State University; address: Russia, 
Saint Petersburg city; e-mail: 

vokorol@bk.ru 



■ Promotion of international consolidation and cooperation of business structures 

■ Promotion of development of commercia I businesses of various kinds 

■ Assistance in settlement of relations and businessmen with each other and with social partners 
in business environment 

■ Assistance in development of optimal ndustrial, financial, commercial and scientific policies 
in different countries 

■ Promotion of favorable conditions for business in various countries 

■ Assistance in every kind of development of all types of commercial, scientific and technical ties 
of businessmen of different countries with foreign colleagues 

■ Promotion of international trade turnover widening 

■ Initiation and development of scientific researches, which support the effective development of 
businesses and satisfy the economic needs of the society 

■ Expert evaluation of activities in the field of settlement of commercial disputes, establishment 
of quality standards and defining of factual qualitative parameters of goods and services 

■ Legal and consulting promotion of business 

■ Establishment and development of activities of the international commercial arbitration 

■ Exhibition activities 

■ Holding of business and economic forums 


www.iuci.eu 


21 




U.D.C. 539.3 


GISAP 

PHYSICS, MATHEMATICS AND CHEMISTRY 


ON RELATIONS IN VISCOELASTICITY 

E. Artamonova, Doctor of Technical Sciences, Full Professor 
Saratov State Technical University named after Gagarin J.A., Russia 

In the paper we propose a mathematical model of elements of deformation and destruction, based on the relationship of both (macroscopic 
and microscopic) approaches allowing the interdependence of the limiting critical conditions like the destruction, the time of stress, environmental 
temperature exposure, etc. 

Keywords: thermodynamic, relationship, mathematical model of deformation, strain. 

Conference participants, National championship in scientifi c analytics, 
Open European and Asian research analytics championship 


^ros^§! http://dx.doi.org/l 0. 1 8007/gisap:pmc.v0i6. 1 080 


I n this article we propose a mathematical 
model of deformation and destruction 
elements, based on the relationship of 
both (macroscopic and microscopic) 
approaches allow for the dependence 
of the limiting critical conditions at 
which the destruction, the time of stress, 
temperature environmental exposure, 
exposure, etc. Physical relationships 
between stress and strain (constitutive 
equations) follow the principle of 
macroscopic definability [1, p. 295] and 
specified as the operator communication: 

(Jlj ^ T __ 00 \_£ij(t, T, £[ 

or 

£ ij = Xt=-oo [0-y(t,T,w); (Jij (t)] 


To close the equations of 
continuum mechanics must use the 
laws of thermodynamics, and other 
laws of physics for non-mechanical 
thermodynamic parameters. 

T =- 00T =-“f[-]^[-] - notation 

indicating the arguments in parentheses 
is in accordance with the postulate of the 
theory of simple materials, also satisfies 
the requirement of “decaying memory”, 
iematerials, viscoelastic. 

Operators 


_ is the potential that is there 
are scalar operators that: 

HU (a}=5 (!) 


V =Xl=-00 {<*}=■ 


dY 

da 


( 2 ) 


Physical relations (1,2)- nonlinear, 
for description the strain state and fracture 
in the framework of a generalized model 
of inelasticity is necessary to consider 
the history of deformation of the sample 
depends on the loading path and on time. 
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Fig. 1. 

Analysis of experimental data 
(fig.l) suggests characteristics of the 
temperature dependence of relaxation 
processes and fracture for viscoelastic 
polymers with the same value of energy 
activation for each material. Combining 
different approaches to describing these 
processes, i.e. formulation of a general 
mathematical theory of deformation 
and fracture of polymers depends 
on the study of the relationship of 
deformation, destruction and action of 
strain, temperature, aggressive factors 
in the whole time interval of operation 
of the element. Viscoelastic behavior 
reflects the combined viscous and 
elastic responses, under mechanical 
stress, of materials which are 
intermediate between liquids and solids 
in character. Viscoelastic Properties 
of Polymers examines, in detail, 
the effects of the many variables on 
which the basic viscoelastic properties 
depend. These include temperature, 
pressure, and time; polymer chemical 
composition, molecular weight and 
weight distribution, branching and 
crystallinity; dilution with solvents or 
plasticizers; and mixture with other 
materials to form composite systems. 

According to (1, 2) can be written: 

dU 

a,j ~ dir/ 


U - voltage potential (free energy). 


d@ 



Deformation potential <2>is 

determined by means of the Legendre 
transformation. 

Way to represent U according to the 
hypothesis of memory: 

U = Y/ = - x [etj(t, x, co);(t)]- 

Using the combined ratio of the basic 
laws of thermodynamics represent: 

~P U + Jo ^ij(jKd£ij(T)/dT)dz > 0. 

Consider different views U. From the 
Stone-Weierstrass theorem continuous 
integral can be uniformly approximated 
by polynomials 

u= Zn=l u (n) + 

+ £f„) Efm) u (n) U(m) + ' ’ ’ ^ 

where the functionalscan be 

represented as Stieltjes integrals: 

U (n) =Sl. r , K-j 1 ’ (t, T,C0)d£ij{T), (4) 

t) - Integrand. 

At x< 0 , (t) =0. 

Substituting (4) (3) and differentiating 
with respect toe, we can obtain the relation 
between theory of Volterra-Frechet. The 
number of state parameters can be infinite, 
but the state of a thermodynamic system is 
defined by a finite number of parameters. 
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For practical solution of the problem of determination of dynamics of the smelt solidification in time and prediction of the metal structure 
(including the calculation and analysis of temperature fields, as well as determination of velocity of the solidification front in time) a mathematical 
model was developed. The thermal conductivity equation was supposed to be at the basis of this model. Continuous process of pulling the metal 
layer can be represented as flows of viscous incompressible layer between two elastic-plastic surfaces (rollers), moving with a certain velocity. 
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P ractical problem of determining the 
dynamics of solidification of the smelt 
in time and prediction of metal structure 
includes the calculation and analysis 
of temperature fields, determination 
of the velocity of the solidification 
front in time, can be solved by means 
of mathematical modeling. In order to 
solve this problem the mathematical 
model was developed in the basis of 
which there was supposed to be thermal 
conductivity equation. Formation of a 
continuous layer of metal is a complex 
irreversible process, consisting of a series 
of simple phenomena, which in this case 
cannot be considered out of interaction 
with each other. Irreversibility of the 
process is associated primarily with the 
irreversibility of heat and mass transfer, 
the internal motion in the solid and liquid 
phases. In the general case a quantitative 
description of the process is based on 
the consideration of non-equilibrium 
thermodynamics of uninsulated 
heterogeneous system consisting of few 
components, separatedphases and the 
environment bounding hull. 

Continuous process of pulling the 
metal layer can be represented as a 
flow of a viscous incompressible layer 
between two elastic-plastic surfaces 
(rollers), moving with a certain velocity 
(Figure 1). Moreover, an arbitrarily 
selected point in the cooling layer is 
characterized by a continuous change 
in temperature, pressure (stress), 
speed, distance to the boundary of the 
transition from liquid to solid state. 

Thus, consideration of the cast layer 
3 is bounded on both sides by curved 
surfaces (rollers) 4. Layer 3 - viscous 
incompressible fluid. 
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1 - liquid metal smelt; 2 - form for the 
metal; 3 - cooled metal layer; 

4 - cooled rollers. 

Figure 1 - Pulling process scheme 
related to a continuous layer of metal 

Formalization of the 
mathematical model 

Since the problem of the motion of 
continuously cast layer is closely related 
to the problem of heat exchange, the key 
is the thermal conductivity equation in 
a general form for a moving continuous 
medium (layer 3) in which there are 
distributed sources of heat of phase 
transition, depending on the specific heat 
of phase transition [1]: 

p.fl omr-iT]. (1) 

= div [A(T)gradT ] + Q v 
and Fourier thermal conductivity law 
q = -A(T)gradT . Herep p - density; 
c - thermal capacity; X - thermal 


conductivity; T - temperature; L - specific 
heat of phase transition (solidification); 
yj - proportion of solid phase (the liquid 
phase yj = 0, the solid phase yj = 1 , in 
the mushy zone 0 <y/< 1); Qv (pc, y, z, 
t ) is thefunction characterizing the mass 
allocated during the heat solidification. 

To obtain a unique solution of the 
problem it is necessary to supplement its 
initial and boundary conditions [2-3]: 


A m ^ = o 

dx 

A m ^ = a(T m -T a ) 

OX 


( 2 ) 

( 3 ) 


where T m - metal temperature, °C 
T a - air temperature, °C 


T(x, 0) =1300 °C x = — (4) 

2 


The phase boundary “solid metal 
- liquid melt” is given by the Stefan 
boundary condition: 

dmm) dT 2 (t,m) _ 

dx dx 

L dm^ ( 5 ) 

dt 

where g(t) - equation of the curve 
separating phases “solid metal - liquid melt”, 
L - heat change of state, J/K (empirically 
determined value for the transition of 
the liquid melt into the solid metal), x - 
normal to the curve, T } (t,x) - temperature 
of the solid phase (solid metal), Tfix) - 
temperature of the liquid phase (liquid melt), 
X / - temperature diffiisivity coefficient of 
the solid metal, X 2 - temperature diffiisivity 
coefficient of the liquid melt. 

Let’s define the shape of the curve 
£(t). We seek a solution to the thermal 
conductivity equation ( 1 ) in the following 
automodel form: 
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T(t, x) = / (z), where z = A (6) 

V? 

Substituting (6) into (1) we come 
to the following ordinary differential 
equation: 


1 


--/(z)-z = 2 / (z) +— /(z) (7) 


From which: 


exp - 


m=c,\- 


4/1 


-dz + C, 


( 8 ) 


where C } and C 2 - arbitrary constants 
of integration. 

After determining the shape of the 
curve f (t), we substitute (6) into the 
Stefan boundary condition (5). We get 


O 


o 
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a. 


10 


JZ 

H 


The distance between the rollers, mm 


■ 6 

■ 5,5 

I 14.5 

□ 4 

I I 3,5 

I I 3 

I I 2,5 



1 


m 


i ,fm )_ r di 


^ r f A n ^2 r/2 r - L , > 


r*/! r xt 2 r- / 2 r 

y/t \ vt J yjt v W 


from which 


= a = const , 


4/1 («)- ^2/2 («)=-« 

Consequently 

^(0 = ajt 


dt 


( 9 ) 


( 10 ) 


Where the coefficient a is defined 
as the solution of the transcendental 
equation (9) with the known value of L 
aggregate heat transition of molten liquid 
into the solid state. 

Knowing the equation of the curve 
f (t), separating the phase“liquid smelt - 
solid metal”, we can reduce the solution 
of the original problem to the solution of 
thethermal conductivity equation with 
generalized (discontinuous) temperature 
conductivity coefficient: 

dT 


dt 


= A(t,x) 


8x 2 


where 

f yyo<x<ftR+^(o 

’ ’ \?^,ifdR + ^{t)<x<R 
Initial conditions 
T[__ 0 = T sm atO<x<0R + £(/)• 

T[ =o =T lm at0R + ^t)<x<R 

Fig.2-3 shows graphs characterizing 
the dependence of the degree of 
amorphization of parameters of the 


Fig. 2. Graph of dependence of the degree of amorphizationon the cooling wet 
air temperature and the distance between the rollers 



Fig. 3. Graph of dependence of the degree of amorphizationon themetalpulling 
rateand the distance between the rollers 


pulling process (rapid casting) related to 
a metal layer between the cooling rolls. 

Conclusions: 

1. Authors have practically proved 
that under certain modes of the processof 
pulling (rapid casting) of metal layer 
between the cooling rolls it is possible to 
obtain an amorphous structure at the layer 
boundaries. 

2. Obtaining an amorphous structure 
of the metal pullingprocess (fast casting) is 
possible only in terms of interaction of such 


mode parameters (control factors) as the 
distance between the rollers, metalpulling 
speed and the cooling wet airtemperature. 
In order to increase the degree of 
amorphization of the casting process it is 
necessary to increase the temperature of the 
cooling wet air and the smeltpulling speed. 
But the main parameter of the process 
that has the greatest impact on the degree 
of metalamorphization is the distance 
between the rollers. At the minimum values 
of distance degree of amorphization has a 
maximum value. 
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